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(57) Abstract: Various embodiments of the invention provide compositions of tumor infiltrating lymphocytes (TILs) enriched in tumor
reactive cells, methods for manufacturing TILs enriched in tumor reactive cells and methods and uses of the provided enriched tumor
reactive TILs for treating cancer in a human or other subject. Among the provided embodiments of TIL compositions may include
those that exhibit substantial tumor reactivity activity, including degranulation and the ability to express one or more of [FN-gamma
and TNF-alpha, in response to antigen presenting cells presenting neo antigenic peptides.
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COMPOSITIONS AND METHODS FOR GENERATING NEG-ANTIGEN REACTIVE
TUMOR INFILTRATING LYMPHOCYTES

Cross-Reference to Related Applications

[§061] This application claims priovity from US. provisional application No. 63/422,914,
filed November 4, 2022, entitled “COMPOSITIONS AND METHODS FOR GENERATING
NEG-ANTIGEN REACTIVE TUMOR INFILTRATING LYMPHOCYTES” , US.
provisional application No. 63/490,000, filed March 14, 2023, entitled “"COMPOSITIONS
AND METHODS FOR GENERATING NEO-ANTIGEN REACTIVE TUMOR INFILTRATING
LYMPHOCYTES” , and U.S. provisional application No. $3/594,405, filed October 30, 2023,
entitled "COMPOSITIONS AND METHODS FOR GENERATING NEO-ANTIGEN REACTIVE
TUMOR INFILTRATING LYMPHOCYTES”, the contents of which are incorporaied by reference

10 their entirety.

Field

18002] Bmbodimenis of the tnvention relate to compositions of tormor infilirating lymphocytes
{TILs) enniched in tomor reactive cells, Embodiments of the invention also relate to methods for
manufactiring TILs enriched in tumor reactive cells and uses of the provided enriched tumor reactive

TiLs for treating cancer in a sabject.

SRS

[8003] The process for producing autologous tumor infiltrating tymphocyte (TTL) therapies
nvaolves a low mamber of reactive cells resulting in compositions that are not entirely suitable for
therapeutic use including for the treatment of cancer. Thercfore, it would be desirable o develop
tmprovernents to the TIL compositions to overcome these fimitations. Provided herein are

embodiments that meet such needs.

Summary of the lnvention

16004} Various embodiments of the invention provide pharmaceutical T ivmphocyte infiltrating
(TIL) compositions enriched in tumor reactive T cells, methods of prodocing TIL compositions
enriched in timor reactive T-cells and methods of using such compositions in various therapies

ncluding for the treatment of cancer and other disease.
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[80065] According to an embodiment, a pharmaceatical composition comprises a mufticlonal
population of T cclis comprising CD4+ and CD8+ T cells from a tumor, wherein the population is
entiched in at least 10 different T cell receptor (TCR) clonotypes each with a frequency in the
population of at Jeast 1.0%; and wherein at least 90% of the cells in the composition are CD3+ T cells.
According to an embodiment, a pharmaceutical composition comprises an oligoclonal population of T
cells comprising CD4+ and CD8+ T cells from a twroor, wherein the population is enriched in at least
16 different T cell receptor (TCR) clonotypes each with a freguency in the population of at least
1.0%; and wherein at least 90% of the cells in the composition are CD3+ T cells. According to an
entbodirent, a pharmsaceutical composition comprises a moliiclonal popelation of T cells comprising
D4+ and CD8+ T cells from & tumor, wherein the population is enriched in at least 10 different T
cell receptor {(TCR) clonotypes each with a frequency 1 the popudation of at least 2.0%; and wherein
at least 90% of the cells in the composition are CD3+ T cells. According to an embodiment, a
pharmacentical composition comprises an oligocional population of T cells comprising CD4+ and
CD8+ T cells from a tumor, wherein the population is enriched i at least 10 different T cell receptor
{TCR) clonotypes cach with a frequency in the population of at least 2.0%; and wherein at least 90%
of the cells in the composition are CD3+ T cells. Various embodiments of the invention are
particularly useful for treating cancer including difficull to treat cancers such as those with muiations
unique to a particular patient including instances where such mutation have rendered the cancer
resistant or refractory to standard cancer treatment (e.g., chemotherapy).

[8006] According to one or more embodiments, the malticlonal population of T cells have a
mindmum number of different TCR clonotypes which make up a selected percentage in the
population. According to one or more embodiments, the oligoclonal population of T cells have a
mirdronm namber of different TCR clonotypes which make up a selected percentage 1 the
population. For example, in one or more ernbodiments, at least 11 different TCR clonotypes have a
frequency in the population of at least 2.0%, or at least 12 different TCR clonotypes bave a frequency
in the population of at Jeast about 2.0%. Further, in ope or more ershodiments, at least 11 different
TCR clonatypes have a frequency 1n the population of at least 1.0%, or at least 12 different TCR
clonotypes have a frequency in the population of at least about 1.0%. According to some
entbodiments, 8 to 15 different T cell receptor {TCR) clonotypes make up at least abowt 50 % of the
TCR frequency in the popudation.

[8007] According to some embodiments, a pharmacentical composition enriched 1o tumor
reacuve T cells comprises a moltclonal population of temor infilating lymphocytes comprising
Ch4+ and CD8+ T cells from 3 mumor, where 8 to 15 different T cell receptor (TCR) clonotypes make
up at feast 50 % of the TCR frequency in the population with greater and lesser number of clonotypes
and population percentages contenmplated According to some embodiments, a pharmaceutical

composition enriched in tunor reactive T cells comprises an oligoclonal population of tumor
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infiltrating lymphocytes comprnsing CD4+ and CD&+ T cells from a tumor, where 8 to 15 different T

el receptor (TCR ) clonotypes make up at feast 50 % of the TCR frequency in the population with

(€]

greater and lesser number of clonotypes and population percentages contemplated According to some
embadiments, 9 1o 12 different TCR clonotypes make up at least 30% of the TCR frequency in the
population.

[8008] In various embodiments, the TCR clonotypes exhibit reactivity to at least one CD4
antigen and at feast one CEAB antigen. In sone of any of the provided embodiments, the TCR
clonotypes extubit reactivity for 2 to 100 different peptide antigens. In some of any of the provided
enbodiments, the TCR clonotypes exhibit reactivity for 10 to 40 different peptide antigens. In some
of any of the provided embodiments, the TCR clonotypes exhibit reactivity for 2 to 6 different peplide
antigens. In some of any of the provided embodiments, the TCR clopotypes extizbit reactivity for 2 to
4 peptide antigens. In some of any of the provided embodiments, the TCR clonotypes exhibit
reactivity for 2 peptide antigens. In some of any of the provided embodiments, the TCR clonotypes
exhibit reactivity for one CDE antigen and one CD4 antigen.

[6809] Provided herein is a pharmacewical composition enriched in tumor reactive T cells, the
pharmaceutical composition comprising a mudticlonal population of tumor infiltrating lymphocytes
comprising CD4+ and CDE+ T cells from a tumor, wherein 10 to 100 different T cell receptor (TCR)
clonotypes are present in the population. In some of any of the provided embodiments, the TCR
clonotypes exhibit reactivity for 10 to 40 different peptide antigens.

{8018} Provided herein is a pharmaceutical composition enriched in tumor reactive T cells, the
pharmaceutical composition comprising a raulticlonal population of mumor infiltrating Iymphocyies
comprising CD4+ and CD8+ T cells from a tumor, wherein 20 to 100 different T cell receptor (TCR)
clonotypes are present in the population. In some of any of the provided embodiments, 20 to 60
different TCR clonotypes are present in the population.

{6811} Provided herein is a pharmaceutical composition enriched in tumor reactive T cells, the
pharmaceutical composition comprising a multiclonal population of tumor infiltrating lymphocytes
comprising UD4+ and CD8+ T celis from a tumor, wherein the top 40 TCR clonotypes make up at
Ieast 75% of the TCR frequency in the population. In some of any of the provided embodiments, at
Ieast 90% of the cells in the population are C1¥3+ T cells. In some of any of the provided
embodiments, the TCR clonotypes extubit reactivity for at least one CD8 antigen and at least one CD4
antigen.

[0812] Tu somee of any of the provided embodiments, at least 20% of the CD8+ T cells and/or at
least 20% of the CD4+ T cells in the composition exhibit ncoantigen reactivity.

10813} Various embodimenis provide a pharmacentical T lymphocyte infiltragng (TIL)
compasition enriched in tumor reactive T cells, comprising mamor infiltrating lymphocyies comprising

D4+ and CD8+ T cells from a tomor, wheren at least 90% of cells in the composition are CD3+ T
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cells and wherein at least 20% of the CD8+ T cells and/or at least 20% of the CD4+ T cells in the
composiiion exhibit neoantigen reactivity. In some of any of the provided erabodiments, at least 40%
of the CD8+ T cells and/or at least 30% of the CD4+ T cells in the composition exhibit neoantigen
reactivity.

{0014} In one or more embodiments, at least 25% of the CD8+ T cells andfor at Jeast 20% of the
D4+ T celis in the composition exhibit neoantigen reactivity. In some of any of the provided
embodiments, at least 30% of the CD%+ T cells and/or at least 20% of the CD4+ T cells inthe
compasition exhibit necantigen reactivity. In some of any of the provided embodiments, neoantigen
reactivity is determined following co-culture with peptide loaded antigen presenting cells and
characterized by one oy more of IFN-y production or degramudation. In some embodiments,
degranalation is determined based on CD07 expression.

[08158] Tu some of any of the provided embodiments, necantigen reactivity is determined in a co-
culture assay with autclogous APCs and ncoantigenic peptides (e.g., as described in Exarnple 23 by
one or more of upregudation of CD134 and CD137, IFN-y production, TNF-alpha prodoction,
granzyme B production or degranulation. In some embodiments, degranulation is deternuned based
on CD107 expression. In some of any of the provided embodiments, the TIL composition is
characterized by at least a 1.5-fold increased percentage of cells positive for CD134 and CD137
compared to a bulk TIL population in a co-culowe assay with autologous APCs and neoantigenic
peptides. In some embodiments, the TIL composition is characterized by at least a 2-fold, at least a 3-
fold or at least a 4 -fold increase in CDi34 and CD37 positive celis compared to a bulk TIL
population. In some of any of the provided embodiments, greater than 30% of the cells in the TIL
composition are positive for C134 and CD137 in a co-culture assay with peptide Joaded autologous
APCs, optionally greater than about 35%, greater than about 40%, or greater than about 45% of cells
are positive for CD134 and CDI37.

[B016] Tn some of any of the provided embodiments, greater than 48% of the cells in the TIL
comaposition are positive for CD134 and CD 137 in a co-cultore assay with autologous APCs and
neoantigenic peptdes. In some embodiments, greater than about 50%, greater than about 60%, or
greater than about 70% of cells are positive for CD 134 and CE37 i a co-culture assay with
autologous APCs and neoantigenic peptides.

10817} In some of any of the provided embodimenis, the TIL composition is characterized by at
Ieast one of the following criteria in an 1n vitro co-culbure assay with peptide Ioaded autologous APC,
1) IFN-y production that is greater than 1,000 pg/mL; (1) TNF-alpha prodocuon that 18 greater than
100 pg/ml; ity greater than 10% CDI07a+ cells; and iv) granzyme B prodection that s greater than
10,000 pg/mb.

[0818] Tu some of any of the provided embodiments, the TTL composition is characterized by at

least one of the following in an in vitro co-culture assay with amtologous APC and neoantigenic
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peptides: 1) IFN-y production that is greater than 130,000 pg/ml; (11} TNF-alpha production that is
greater than 250 pg/inl,; (G1i) greater than 10% CD107a+ cells; and iv) granzyme B production that is
greater than 50,000 pg/od..

[6819] Provided herein is a pharmaceutical T bvmnphocyte infilirating (TIL) composition enriched
i tumor reactive T cells, the pharmaceutical composition comprising tumor infilirating Ivmaphocyies
comprising CD4+ and CD8+ T cells from a tumor, wherein at Ieast 90% of cells in the composition
are U3+ T cells and wherein, the TIL corposition is characterized by at least one of the following
criferia in an 1 viro co-culiwre assay with peptide loaded auntologous APC: i) IFN-y production that is
greater than 1,000 pg/ml; (11 TNF-alpha production that is greater than 100 pg/ml; (1) greater than
10% CD107a+ cells; and (v} granzyne B production that is greater than 10,000 pg/ml..

[0828] Provided herein is a phanmaceutical T lymphocyte infiltrating (TIL) composition enviched
1 fumor reactive T cells, the pharmacentical composition comprising tumor infiltrating lymphocytes
comprising CD4+ and CDE+ T cells from a tumor, wherein at least 90% of cells in the composition
are CD3+ T cells and wherein, the TIL composition is characterized by at least one of the following in
an i vitro co-colture assay: 1) IFN-y production that is greater than 100,000 pg/mL; (it} TNF-alpha
production that is greater than 250 pg/mb; (311} greater than 10% CD107a+ cells; and (1v) granzyme
B production that is greater than 50,000 pg/mL.

166821} 1n some of any of the provided embodiments, the TIL composition is characterized by at
feast two of (3)-(1v}). In some of any of the provided embodiments, the TIL composition is
characterized by at least three of (1)-(1v). In some of any of the provided embodiments, the T1L
composition is characterized by (D-(iv).

[8022] In some of any of the provided embodiments, the TIL composition is characterized by
FFN-y production that is greater than 2,500 pg/ml, greater than 5,000 pg/ml., greater than 10,000
pgiml, greater than 235,000 pg/nid., greater than 56,000 pg/nol., greater than 100,000 pg/ml., greater

than 200,000 pg/ml., greater than 250,000 pg/ml., greater than 500,000 pg/ml, or greater than

g
1,000,000 pg/mi.. In some of any of the provided embodiments, the TIL composition is characterized
by IFN-y production that is greater than 250,000 pg/mi., greater than 500,000 pe/roL., or greater than
1,000,000 pg/mL. In some of any of the provided embodiments, the TIL coraposition is characterized
by IFN-y production that is greater than 250,000 pg/mi., greater than 500,000 pe/roL., or greater than
1,000,000 pg/mL. In some of any of the provided embodiments, whercin the TIL compaosition is
characterized by TNF-alpha production that is greater than 200 pg/ml., greater than 500 pg/md.,
greater than 1000 pg/mol, or greater than 2000 pg/mL. In some of any of the provided embodiments,
the TIL composition is characterized by TNF-alpha production that is greater 500 pg/ml, greater than
1000 pg/mal., or greater than 2000 pg/mL.

[0823] Tu somee of any of the provided embodiments, the TTL composition is characterized by

greater than 15% CD107a+ cells, greater than 20% CD107a cells, or greater than 25% CD107a+ cells.

5
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In some of any of the provided embodiments, the TIL composition is characterized by granzyme B
production that is greater than 15,000 pg/mL., greater than 25,000 pg/mi., greater than 50,000 pg/mi,
greater than 100,000 pg/ml., greater than 200,000 pg/ml, greater than 300,000 pg/ml., greater than
400,000 pg/ral. or greater than 500,000 pg/mb. In some of any of the provided embodiments, the TIL
comaposition 18 charactenzed by granzyree B production that is greater than 200,000 pg/md., greater
than 300,000 pg/ml., greater than 400,000 pg/mi. or greater than 500,000 pg/ml..

10824] In some of any of the provided embodimenis, following co-coliure with peptide loaded
antigen presenting cells, the TH. composition is characterized by at least one of the following: 1) IFN-
v secretion in the supernatant that 1s 50-fold or higher than a bulk TIL composition that is not
enriched for tamor reactive T cells; 11y TNF-g secretion in the supernatant that is 300-fold or higher
than a bulk TIL composition that is not enriched for tumor reactive T cells; or i) granzyme B
secretion in the sopermatant that is 15-fold or higher than a bulk T composition that is not enriched
for tumor reactive T celis.

18025) In some of any of the provided embodiments, the TIL composition is characterized by at
least one of the following criteria in and/or determined by an in vifre co-cudture assay: 1) IFN-y that is
50-fold or higher than a bulk TIL composition that is not enriched for tumor reactive T celis; i) TNF-
g that 1s 300-fold or higher than a bulk TIL composition that is not enriched for tamor reactive T
cells; oriii) granzyme B that 1s 15-fold or higher than a bulk TIL composition that is not enriched for
tumor reactive T cells.

[8026] [n many embodiments, a pharmacentical T fymphocyie infiitrating (TTL) composition
enriched in tumor reactive T cells, comprises a CD4+ and CD8+ T cells from a tumor, wherein at
jeast ¥0% of cells in the composition are CD3+ T cells and wherein, following co-culture with peptide
loaded antigen presenting cells, the TIL composition is characterized by at least one of the following
criteria: i) IFN-y secretion in the supernatant that is 50-fold or higher than a bulk TH. composition that
is not enriched for tumor reactive T cells; 1) TNF-a secretion o the supernatant that is 300-fold or
higher than a bulk TH. composition that 1s not enriched for tumor reactive T cells; or 1) granzyme B
secretion 10 the supernatant that is 15-fold or higher from a bulk TIHL coraposition that is not enriched
for tumor reactive T celis.

10827} In many embodiments, a pharmacestical T lvinphooyie infilivating (TIL) composition
enniched in tumor reactive T cells, comprises a2 CD4d+ and COR+ T cells from a mumor, wherein at
least 90% of cels in the coraposition are CD3+ T cells and wherein the THL composition is
characterized by at least one of the following criteria in and/or determined by an in vitro co-cultge
assay: iy IFN-y that is 50-fold or higher than a bulk TIL composition that is not enriched for tumor
reactive T cells; i) TNF-g that 18 300-fold or higher than a bulk TIL composition that 1s not enriched
for tumor reactive T cells; or 1ii) granzyme B that is 15-fold or higher from a bulk TIL composition

that 1s not enriched for tumor reactive T cells.
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[B028] In some of any of the provided embodiments, the TIL composition is characterized by
criteria (1) and (i1). In some of any of the provided embodiments, the TIL composition is characterized
by cateria (i) and (1i1). In some of any of the provided embodiments, the TIL composition is
compaosition is characterized by criteria (1), (i) and (1i1).

[8028] Tn some of any of the provided embodiments, the composition is characierized by a
greater pumber of CD4+ T cells than CDE+ T cells. In some of any of the provided embodiments, a
ratio of CD4+ T cells to CD8&+ T cells 1n the composition is between 5:1 o 1:5. In some of any of the
provided embodiments, a ratio of CEd+ T cells to CD8+ T cells in the composition is between 5:1 to
50:1, between 5:1 to 25:1, between 5:1 to 20:1, between 3:1 1o 131, between 3:1 1o 1001, between
FO:1 to 5001, between 10:1 to 25:1, between 10:1 1o 2001, between 10:1 to 135:1, between 15:1 1o 541,
between 15:1 to 25:1, between 15:1 to 2{11, between 20:1 to0 50:1, between 20:1 10 25:1 or hetween
25:1 to 50:1. In some of any of the provided ernbodiments, a ratio of CD4+ T cells to CDE+ T cells in
the composition 18 at or about HE1 to 25:1. In some embodiments, the ration of CD4+ T cells o
CD5E+ T cells is at or about 20: 1.

18030] n some of any of the provided embodiments, greater than 50% of the CD3+ T cells,
optionally greater than 50% of the CD4 and CDE+ T cells, express markers of ap effector memory
phenotype. According to various embodiments, greater than 75% of the CD3+ T cells, optionally
greater than 75% of the CD4 and CD3B+ T cells, express markers of an effector memory phenotype. In
some of any of the provided embodiments, greater than 80% of the CD3+ T cells, optionally greater
than 80% of the CD4 and CD8+ T cells, express markers of an cffector menwory phenotype. In some
of any of the provided embodinents, greater than 85% of the CD3+ T cells, optionally greater than
£5% of the CD4 and CD8+ T cells, express markers of an effector memory phenotype. In some of any
of the provided embodiments, greater than 90% of the CD3+ T cells, optionaily greater than 90% of
the CD4 and CDE+ T cells, express markers of an effector memory phenotype. In some of any of the
provided embodiments, the effector aemory phenotype is characterized by surface maarker expression
of one or more of CO43RO+, CDB45RA-, CD62L-, CCR7-, CI28- and CD27-. In some of any of the
provided embodiments, the effector aemory phenotype is characterized by surface maarker expression
CE43RO+, CD4SRA-, CD62L-, and CCR7-. In some of any of the provided erabodiments, the
effector memory phenotype is characterized by surface marker expression CD4SRO+, CD45RA-,
CB62L-, CCRT-, CD28- and CD27-. In some of any of the provided embodiments, the effector
niemory phenotype is characterized by sorface marker expression CD45RA and CCR7™ In some of
anty of the provided embodiments, greater than 953% of the CD4+ and CD8+ T cells in the
coniposition are PD-1-. In some of any of the provided embodiments, greater than 80% of the CD4+

and CD&+ T cells in the composition LAG3-.
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[8031] In some of any of the provided embodiments, the number of cells in the composition, or
of viable cells thereof, is at least 2 x 1) cells. In some of any of the provided embodiments, the
number of cells in the composition, or of viable cells thereof, is between at or about 2 x 1Y cells and
20 x 10° cells, 2 x 107 cells and 10 x 107 cells, 2 x 107 cells and 2 x 107 cells, 2% 107 cells and 2 x 107
cells, 2x 10° celis and 20 x 107 cells, 2 x 10%cells and 10 x 1% cells, 2 x 10® celis and 2 x 10° cells, 2
% 1P cells and 20 x 107 cells, 2 x 10 cells and 10 x 10° celis, or 10 x 107 cells and 20 x 10° celis, each
inchusive,

[8032) Tn some of any of the provided crabodiments, the pharmaceutical composition is for
treatment of a patient’s tamor. In some of any of the provided erobodiments, the trnor 1s a colorectal
cancer (CRC) tomor. In some of any of the provided embodiments, the tumor is a colorectal cancer
(CRO) tumor, a raelanoma tumor, a non-small cell fung cancer (NSCLC) tumor, or ag ovartan cances
tumor. {n some of any of the provided embodiments, the twimor is from g human subject. In some of
any of the provided embodiments, the pharmacentical composition is for antologous adoptive therapy
to the homan sobject. In some of any of the provided compositions, comprising a pharmaceutically
acceptable excipient. Provided herein is any of the provided compositions, cornprising a
cryoprotfectant.

18033] n some of any of the provided embodiments, the composition is a ligeid composition. In
some of any of the provided embodiments, the composition had been frozen and thawed. In some of
any of the provided embodiments, the volume of the composition 1s between 1 mL and 500 mL. In
some of any of the provided embodiments, the composition is frozen.

{6034} Many embodiments provide a pharmaceuntical T fymphocyte infiitratng (TIL)
composition enriched in tunor reactive T cells for treatment of a patient’s tumor, the pharmaceutical
composition comprising a multiclonal population of T cells comprising CD4+ and CD8+ T cells from
the patient’s tumor, wherein the population is enriched in at least 10 different T cell receptor (TCR)
clonotypes each with a2 frequency in the population of at least 1.0%; and wherein at least 90% of the
cells in the composition are CD3+ T cells. Further embodiments provide a pharmacentical T
Iymphocyte mfiltranng (T1L) composition eoriched in tumor reactive T cells for treatmaent of a
patient’s toror, the pharmacentcal coraposition coraprising a mmitclonal population of T cells
comprising UD4+ and CD8+ T cells frora the patient’s tumor, wherein the population 1s enriched in at
Ieast 10 different T cell receptor {(TCR) clonotypes cach with a frequency in the population of at Jeast
2.0%; and wherein at least 90% of the cells in the composition are CD3+ T celis. Gther embodiments
provide a pharmacentical T tymphoceyte infiltrating (TIL) composition eariched in tumor reactive T
cells for treatment of 4 patient’s tumor, the pharmacentical composition comprising an ohigoclonal
poputation of T cells comprising CD4+ apd CD8+ T cells from the patient’s tumor, wherein the
population is enriched in at least 10 different T cell receptor (TCR) clonotypes each with a frequency

in the population of at least 2.0%; and wherein at least 90% of the cells in the conposition are CD3+
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T cells. Also provided herein 1 2 pharmaceutical T lymphocyte infiltrating (TIL) composition
enriched in tumor reactive T cells for treatment of a patient’s tumor, the phammaceutical composition
comprising an oligocional population of T cells comprising CD4+ and CDE+ T cells from the
patient’s tamor, wherein the population coraprises at least 10 different T celf receptor (TCR)
clonatypes each with a frequency o the population of at least 1.0%; and wherein at least 90% of the
cedls in the composition are CD3+ T cells.

10835} In some of any of the provided embodiments, the TIEL composition is prodoced by an ex
viva maethod cornprising expansion of tamor-reactive T cells from a donor subject that have been co-
cultured with autologous antigen presenting cells and peptide neoantigens.

[8036] Tn some of any of the provided crabodiments, the TIL composition is produced by a
racthod comprising: a.  providing dissociated tamor cells from a tamor obtained from a donor
subject, wherein the dissociated tumor cells are a fivst popuolation of T cells that comprise CDM+ and
CD5E+ T cells; b. coluring the first population of T cells with recombinant IL-2 added at a
concentration between 3000 [U/mL and 6000 IU/mL, inclusive, for 14 to 28 days to prodoce a second
population of T cells; ¢. co-cudturing the second population of T cells for 12 to 48 hours with
autologous antigen presenting cells (APCs) with recombinant 1L-2 added at a concentration of 100
F/mb to 1000 IU/mL to produce a third population of T cells, wherein the APCs are loaded with a
pool of peptide neoantigens {i.e., neoantigenic peptides) {from the wmor, wherein each peptide is 13-
40 amino acids in length and 15 loaded at a concentration of 100 ng/mL. per peptide, and wherein the
ratio of the second population of T cells to APCs 15 2:1 to 10:1; d. selecting cells from the third
population of T celis that are surface positive for CD134 and/or CD137 o produce a fourth population
of T cells; and e. expanding tumor infiltrating lymphocytes (TILs) by incubating the fourth population
of T cells with wrradiated human peripheral blood reononuclear cells (PBMCS) at a ratio of 100 to 500
{PBMUC 1o cells of the fourth population of T cells with recombinant -2 added at a concentration
between 3000 TU/rol. and 6000 Wil inchssive, and 10 to 50 ng/md. anti-CD3 aptibody (OKT3) for
12 to 16 days to produce a therapeutic composition of TILs enriched in mor reactive cells.

[8037] Provided herein is a frozen composition comprising the pharmacentical composition of
any of the provided corapositions and a cryoprotectant

[0838] Provided herein is a method of prodocing a T lvmphocyte infiltrating (TIL) composition
enniched in tumor reactive T cells, the method comprising: a. providing dissociated tumor colls froma
tumor obtained from 2 donor subject, wherein the dissociated tirmor cells are a first population of T
cells that comprise CD4+ and CD8+ T cells; b. colturing the first population of T cells with
recombinant IL-2 added at a concentration between about 3000 IU/mL and 6000 IU/mL, inclusive, for
about 14 1o 28 days to prodoce a second popolation of T cells; ¢. co-culturing the second population
of T cells for about 12 to 48 hours with auntologous antigen presenting cells (APCs) with recombinant

[L-2 added at a concentration of 100 [U/mL to 1000 IU/mL to produce a third population of T cells,
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wherein the APCs are loaded with a pool of peptide neoantigens (i.e., neoantigenic peptides) from the
tamor, wherein cach pepiide is 13-40 amino acids in length and is loaded at a concentration of 100
ng/ml. per peptide, and wherein the ratio of the second population of T cells to APCs is about 2:1 to
10: 4 d selecting cells from the third population of T cells that are swrface posiave for D134
andfor CD1E37 10 produce a fourth population of T cells; and ¢. expanding tumor infiltrating
Iyrophocyies (TH.s) by incubating the fourth population of T cells with wrradiated buman peripheral
blood mononuciear cells G(PRMUCs) at a ratio of about 100 1o 500 iPBMC to cells of the fourth
population of T cells with recombinant IL-2 added at a concentration between about 3000 [U/ml and
6000 TU/mlL., inclosive, and 10 to 50 ng/ml anti-CD3 antibody (OKT3) for 12 to 16 days to produce a
therapeutic composition of TILs enriched in mumor reactive cells.

1803%] Provided herein is a method of treating a subject having & cancer, the method comprising
administering to a sobject having a tvror a therapentic dose of any of the provided compositions. In
some of any of the provided embodiments, the therapeustically effective dose is between abowt 1 x 17
and 10 x 10° T celis. In some of any of the provided embodiments, the therapeutically effective dose
is from more than 1 million to less than 100 million T cells per kilogram of body weight. In some of
any of the provided embodiments, the therapeutically effective dose 1s from more than 1 million to
jess than 10 mitfion T cells per kilogram of body weight. In some of any of the provided
embodiments, the therapeutically effective dose is from at or about 10 mitlion to at or about 50
milfion T celis per kilogram of body weight. In some of any of the provided embodiments, the cells of

the therapeutic composition are autologous to the subject.

Brief Description of the Drawings

[6040] FIG.  depicts an embodiment of a process for preparing enriched timor reactive TILs
involving uabiased mutation calling with peptides generated against large breadth (up to 200) relevant
tmor pecantigens, co-culture of TILs prepared from dissociated tamor cells of a CRC patient with
avtologons antigen presenting cells to optimize peptide-based antigen presentation and capbure
greatest TCR diversity within TIL popudation, and selection sorting of cells with validated markers
such as CD134 and/or CD137 to enrich for both CD4+ and CD8+ TlLs with the highest tumor
reactivity.

(6841} FIG. 2A depicts tumor mmutational burden {TMRB) across multiple indications. The
number of tumor specific necantigens (i.e., neoantigenic peptides) identified by whole exome and
transcriptome (RINAseq) of a patient’s tumor and non-tumor (peripheral blood leukocytes) tissues

{n=15} are shown for each indication. Horizontal lines depict the mean TMB within each tumor type.
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[6042] FIG. 28 depicts preREP yield across mdtiple indications as demonstrated by total five
cells of TIL from fresh mmor fragments or single cell suspensions (n=31}. BEach dot represents an
individual patient, vertical lines represent the standard deviation.

[8043] ¥IG. 3 shows flow cytometry plots of TIL stained for CD134 and CD137 after cocuiture
with APCs unpuised or pulsed with a pool of 190 peptides containing predicied mutations. Sorting
gates are outlined ip solid fine or with hash marks. TIL expressing CD 34 and/or CD137 following
coculture with peptide loaded APC were sorted and expanded as the selected TIL fraction (3.93%,
right panel}. Sorting gates were set on viable Iyraphocyies expressing D4 andfor CDE prior o
defining the CD134 and CD 137 gates. The percentage of CD4d+ or CD8+ cells within the sorting gates
are shown in the top right corner of each flow plot in bhue.

10844] FIG. 4A depicts the fold expansion of sorted T populations C 34 and/or D137
selected THL) at days 10 and 14 of REP. The fold change was calculated by dividing the total number
of ive cells Days 1, 10 and 14 by the pumber of hve cells seeded at Day 1.

[0845] FIG. 4B depicts expansion of selected TILS after a 14-day REP (n=8). Each dot
represents an individual patient, vertical lines represent the standard deviation.

[0846] FIG. 8 depicts the phenotype of selected THL. FIG. 5 {left panel) depicts the % of CD3+
T cell subsets defined by CD4 and CDE expression at end of REP in bulk and select TIL from CRC
{n=3), melanoma (o=1) and ovartan (n=1}. FIG. § {right panel) depicts T cell memory populations
defined based on expression of CD45RA and CCR7 within the CD4 and CD8 subsets. Each circle
represents an individual patient.

16047] FIG. 6A depicts a stacked box plot showing the frequency of TCR clonotypes in selecied
TiLs, bystander cells {negative fraction, wnselected) and bulk THos as determined by single cell TCR
sequencing. The top 18 most frequent clonotypes are shown by solid boxes while all other TCR
clonotypes are identified by scRNA-seq for cach sample are shown in the single hashed bar.

{8048} ¥IG. 6B depicts reduced TCR diversity in selected T s relative 1o bulk THo.s from an
ovarian tumor at the end of REP. FIG. 6B (left panel) depicts diversity of TCR clonotypes as
assessed by single cell RNA sequencing on bulk, selected and negative selected TIL. FIG. 68 (right
panel) depicts abundance of TCR clonotypes as assessed by single cell RNA sequencing on bulk,
selected and negative sclected THL. Each color block represents a unigue TCR and colored fines
connecting samples indicate shared TCR clonotypes. The frequency of the Top40 most abundant
clonotypes across all samples are displayed.

10849] FIG. 7A depicts CD134+CD 137+ expression in bulk and selected TIL from CRC (n=3)
and melanoma (n=1) as assessed by co-culiure of selected Tlls and bulk TILs at the end of REF with

peptide pulsed or un-pulsed APCs at a ratio of 5:1.
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[8050] FIG. 78 depicts mtraceihilar IFN-y production in CD4 T cells or CD8 T cells of bulk
TiLs (far left for each condition), selected TIL (middie bar for each condition) and negative fraction
bystander cells (far right for each condition) after co-cultire at an effector:target ratio of 5:1 with
unloaded (DMSO) or peptide loaded APC (B cells). Error bars represent standard error of the mean
of triplicate wells. *#*¥P <Q.0001, Two-way ANOVA.

{8031} FIG. 7C depicts enrichment for necantigen (i.e., neoantigenic peptide) reactivity of
selected Tls compared to bulk TIL after REP as assessed by T cell activation (CD134+CD137+) and
intracelludar eytokine production of TFN-y, FIG. 7C (left panel) depiets selected THos are ennched for
neoantigen reactivity as shown by fold change increase in CD134+CD 137+ in selected TIL relative to
bulk TiLs. FIG. 7C (right panel) depicts selected TiLs are enriched for necantigen reactivity as
shown by fold change in intracelhular IFN-y in selected TIL relative to bulk TiLs.

[0852] FIG. 8A depicts oytokine secretion of bulk TIL (far left for each condition), selected TIL
{middle bar for each condition} and negative fraction bystander cells (far right for each condition)
after co-culture for 24 hours at an effector:target (E:T) of 5:1 with unloaded (DMSO) or pepude
foaded APC (B cells). Error bars depict standard error of the mean of giplicate wells, ##¥¥+p
<0.0001, Two-way ANOVA.

{6853 FIG. 8B depicts increased cytokine secretion from selected TILs relative 1o bulk TTLs in
response o peoantigen (.e., neoantigenic peptide) specific stirmdation as quantified by munltiplex
cytometric bead array for IFN-y and TNFuo levels in supernatants harvested 24 hours after co-culture
with peptide pulsed or un-pulsed APCs. Dots represent technical replicates; error bars display
standard deviation of triplicates.

106854] FIG. 9A depicts CD07a expression of bulk TIL (far left for each condition), selected
TIL (middle bar for each condition} and negative fraction bystander cells (far nght for each condition)
after co-culture at an effector:target ratio of 5:1 with unloaded (DMSO) or peptide loaded APC (B
cellsy. Ervor bars depict standard error of the mean of triplicate wells. #*** P <0.0001, Two-way
ANOVA.

[8055] FIG. 98 depicts moreased CD1{07a expression in CD4+ and CD&+ subsets for sefected
T1Ls refanive to bulk TiLs in response to neoantigen (1.¢., neoantigenic peptide) specific stimulation
after co-culture with peptide pulsed or un-puised APCs. Error bars display standard deviation of
triplicates.

[B036] FIG. 9C depicts Granzyme B expression in CD8 T cells of bulk TTL (far left for each
condition), selected TIL {middle bar for cach condition) and negative fraction bystander cells (far
right for cach condition) after co~-culture at an effector:target ratio of 5:1 with unloaded (DMSO) or
peptide loaded APC (B celis). Error bars represent standard error of the mean of triphicate wells, #%%*

P <Q.0008, Two-way ANOVAL
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{80571 FIG. 8D depicts increased Granzyme B expression in CD8+ sabsets for selected TThs
relative to bulk TiLs in response to necantigen (i.e., neoantigenic peptide) specific stimulation after
co-culture with peptide pulsed or un-pulsed APCs. Dots represent technical replicates and error bars
display standard deviation of triplicates.

[B038] FIGS. 10A-10B show that selected TIL are functional in response to non-specific
polyclonal stimulation. Bulk and selected TIL from CRC (n=3) and melanoma (n=1) were stimulated
overnight with soluble CD3/CD28 activator (CD34+CD1374), or for 5 hours with PMA/Tonomycin
(IFN-y, TNFg and CD107a) and cels assessed for CD134+CD137+, IFN-y, TNFa and CD07a
expression on (FEG. 10A) CD4+ and (FIG. 10B) CDE+ cells by flow cytometry. Bach cucle
represents an individuoal sample with bolk TIL annotated by open white circles and selected TIL by
black crrcles. Hortzontal lines depict the mean percent expression of cach population.

[0859] FIGS. 11A-11B depicts resuits of deconvolntion analysis of peptide reactivity as
deternuned by CD4+ T cells (FIG. 8A)Y and CD8+ T cells (FIG. 8B} m the selected TILs that were
EN-y+ following coculture of TILs with endoaded APCs or APCs loaded with the 190 peptides o1 a
smart peptide pool of 13-14 peptides.

[0860] FIG. 12 depicts an exemplary process for generating TIL with enriched reactivity to
mutations expressed in necantigens from patient material. TIL expansion from a digested colorectal
cancer (CRC) and gastric tumor sample are shown in FIG. 13,

[0861] FIG. 14A shows upregulation of CD134 (OX40Y CDI37 (4-1BB), as well as TNy,
TNFa, and Granzyme B expression in cellular supernatants. An exemplary gating strategy for sorting
of necantigen peptide reactive (+/+) and non-reactive {-/-) TIL is shown in FIG 14B. FIG. 14C shows
fold increase in sorted samples following a Rapid Expansion Protocol (REP).

{8062) A representative sample of necantigen reactive {+/+} and gon-reactive {-/-) TIL following
REP is shown in FIG 18A. Reactvity is shown in FIG 158 and was measured by CD137 (4-1BB)
and CD134 (0OX40) upregulation following co-culture. FIG. 18C depicts reactivity as measured by
apregulation of Granzyme B, IFNy, and TNFu secretion in supernatant in an ELLA assay. Peptides
were further screened for individual reactivity by upregulation of IFNy secrction as shown in FIG.

150,

Detailed Description

{06631 Various embodiments of the invention provide compositions of tumor infiltrating
Iyraphocytes (T1Ls) enrichad in tumor reactive cells in which the cells are characterized by diversity
1n TCR clonality and exhibit robust neoantigen reactivity (o necaniigen peptides, particularly

compared to TIL compositions with less TCR clonal diversity. Related embodumnents provide
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methods for manonfacturing tumor infilirating lyraphocyies (TILs) enriched in such tunor reactive
cells.

16864] The provided compositions and methods relate to producing a T cell therapy reactive to
tamor-associated antigens, such as ncoantigens (i.e., neoantigenic peptides). Cancer cells accomulate
lots of different DNA mutations as part of the tumorigenic process. These nurtations can caunse amino
acid changes in protein coding regions. For a mutation to be recognized by the tmmune system the
protein needs 1o be processed intraceliularly and presented on the surface with the Major
Histocompatbility Complex (MHC). Peptide neoantigens (also referred to heretn as neoantigenic
peptides, necepitopes or peptide neoepitopes) are the mutant peptides presented by the MBC complex
that can be recognized by a T-cell via TCR binding. In order for the immune system to recogmze the
matation, it must be expressed on the surface of the cancer cell via the MHC complex and the T cell
must have a TCR that recognizes the mutated peptide. These necantigens may be presented by MHC
class T and MHC class 1, and are recognized by CD8+ and CD4+ T cells respectively.

18065) In particular embodiments of the provided compositions and methods, the tumor reactive
cells express a T cell receptor {TCR) able to recogmze the neoanugens (1e., necantigenic peptides).

10866] In some embodiments, a “T cell receptor” or “TCR” is a molecule that contains a variable
@ and B chains (also knowxn as TCRa and TCRB, respectively) or a variable y and 6 chains (also
known as TCRy and TCRSE, respectively), or antigen-binding portions thereof, and which is capable
of specifically binding to a peptide bound to an MHC molecule. In some embodiments, the TCR 15 in
the off form. Typically, TCRs that exist in off and ¥5 forms are generally structurally simidar, but T
cells expressing them may have distinct anatomical locations or functions. A TCR can be found on
the surface of a T cells (or T lymphocytes) where it is generally responsible for recognizing antigens
bound o major bistocompatibility complex (MHC) molecules.

{08671 In some aspects, the reactive T cells are tumor-reactive T cells that recognize a cancer
neoantigen {1.c., neoantigenic peptide). The majority of necantigens arise from passenger mutations,
racaning they do not infer any growth advantage to the cancer cell. A smaller number of mutations
acuvely promote umor growth, these are known as deiver mntations, Passenger mmutations are likely
to give rise to neoantigens that are unigue to cach patient and may be present in a subset of all cancer
cells. Diriver motations give rise o neoantigens that are likely to be present in all the temor cells of an
wdividual and potentially shared. In some embodiments of the provided method, the population of T
cells contaip umor-reactive T cells that can recognize neoantigens containing passenger and/or driver
niutations.

18068] n some aspects, neoantigens {Le., neoantigenic peptides) are ideal targets for
immmwnotherapies hecanse they represent disease-specific targets. For exarple, such antigens
generally are not present in the body before the cancer developed and are truly cancer specific, not

expressed on nornial celis and are not subjected to off target immune toxicity. Thas, the unique
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reperioire of ncoantigens specific to the patient can elicit a sfrong immune response specific to the
cancer cells, avoiding normal cells. This is an advantage over other cell therapy targets that may not
be discase-specific targets, since even low levels of target antigen on normal cells can lead to severe
fatal antoimmtme toxicity in the context of engincered therapies that target common antigens. For
example, an anti-MAGE-A3-TCR progran in melanoma patients was halied due to study related
deaths attributed to cross reactivity with a similar target MAGE-ALZ, which is expressed at a low
level in the brain. A sigoificant challenge 10 cancer turounotherapy has been the deatification of
cancer targets.

[0069] Recent clinical studies have demonstrated that T cells isolated from surgically resected
tumors possess TCRs that recognize necantigens (i.e., peoantigenic peptides), and expanding these
neoantigen reactive TIL populations and re~-infusing them into the patient can in some cases resultin a
drarpatic chimcal benefit. This personalized therapy has generated remarkable clinical responses in
certain patients with common epithelial tumors.

{6078] TIL therapy has proved to be most effective tn melanoma. Additionally, enhancing nimor
reactivity by selective expansion of individual TTL subpopulations, screenad for necantigen reactivity,
has demonstrated some success in breast cancer (Zacharakis et al., 2022, §. Clin. Oncol.
JCO2102170. However, while other solid tumors such as colorectal cancer ({CRC) have been shown
to contain neoantigen reactive TIL (Parkhorst et al., 2019 Cancer Discov. 9:1022-1035), the ability to
selectively enrich these cells has been challenging. Here we demonstrate the generation of TIL
compositions with improved tumor reactivity, including for solid tumors such as CRC. In some
aspects, provided embodiments demonstrate ennichment of timor reactive cells by an ex vivo process
that utilizes umor-specific mutation containing peptides to select neoantigen reactive TIL by
fluorescence-activated single cell sorting (FACS). Such a composition when produced from a CRC
patient taroer can result in a necantigen targeted selected TIL product in CRC.

[8071] Existing methods for obtaining and generating timor-reactive T cells are not entirely
satisfactory. For exaraple, direct 1solation of tumor-reactive T cells from a subject without expansion
1s not feasible bacause therapentically effective amounts of such celis cannot be obtained. As an
alternative, atternpts bave been roade to identify TCRs specific to a desived neoantigen (e
neoantigenic peptdes) for recorphinant engineering of the TCR into T cells for use in a(iopti ve cell
therapy methods. Soch approaches, however, produce only a single TCR against a specific
neoantigen and thereby lack diversity to recognize a broader repertoire of multiple umor-specific
niutations. Other methods ivolve bulk expansion of T cells from a tumor sovree, which has the risk
of expanding T cells that are not reactive 1o a tumor antigen and/or that may inclode a number of
bystander cells that could exhibit inhibitory activity. For exaniple, tumor regulatory T cells (Tregs)
are a subpopulation of CD4™ T cells, which specialize in suppressing immune responses and could

Hmit reactivity of a T cell product. These further approaches that have sought to expand tumor-
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reactive T cefls ex vivo are not selective such that non-reactive T celis in the cultire may
preferentialiy expand over reactive T cells resulting in a final product that lacks satisfactory reactivity
and/or in which the mumber of tumor-reactive T cells remains insufficient. Methods to produce
tumorreactive T cells for therapy are peeded.

[6072] Various embodiments of methods of producing tamor infiitrating lymphocytes (TILs)
enriched in such tumor reactive cells involve the ex vivo expansion and production of a T cell
therapeutic composition, particelarly for use in connection with treating cancer such as melanoma
colorectal cancer {CRC) breast, and hver cancer. In some embodiments, the method of manufactuning
involves the growth and manipulation of patient cells cutside of the body. In particelar embodiments,
the methods relate to methods for expanding T cells containing an endogenous TCR specificto a
tumor-associated antigen Cheremafrer “tomor reactive T cells”™). For purposes of this disclospre,
reference to tumor reactive T cells inclades T cells that exhibit reactivity to a tumor antigen, as
evidenced by the ability of the TIL to produce or secrete IFNy or TNFo or express a factor involved
or refated to eytotoxic killing activity {e.g., Granzyme B or a degrasulation factor sach as CDIOT)
following exposure to APCs presenting neoantigenic peptides. In some aspects, the frequency of
these cells can be low and in order to expand these cells (o a therapeutic dose ex vive methods for
enrichment and expansion are necessary, as provided by the present embodiments.

[8073] Thus, among embodiments of TIL compositions provided are TIL compositions that
exhibit substantial tmor reactivity activity, including degranulation and ability to express more IFN-
gamma and TNF-alpha, in response to APCs {e.g., DCs or B cells) presenting neoantigenic peptides.
This functional activity is highly preserved even after cryopreservation and thawing of the TIL
compositions. The marked increases in cytolyviic enzymes, as well as more robust activation
phenotypes, uaderpin the enhanced capacity of the expanded TIL compaositions to wnduce apoptosis of
tumor targeis. The marked tumor reactivity also sapports the uihity of the provided TIL composition
as a therapy.

[8074] The provided methods results in a product containing tumor reactive T cells that can
target many mutatons and/or that are enriched 10 a multiclonal TCR TIL population that are reactive
to different mumor antigens. In sorae crabodiments, the ronlticlonal TCR TIL population is an
ohgocional TCR TIL population. Therefore, the provided methods results in a product containing
tumor reactive T cells that can target many rotations and/or that are enriched in an oligoclonal TCR
TIL populaton that are reactive (o different tumor antigens. Thos, such timor reactive T cells offer
advantages compared to existing methods in which cells are transduced to express a single neoepitope
reactive TCR, or in which TILs are expanded in bulk or exhibit Hmted roudticlonality and/or
oligoclonality.

18073] n some embodiments of the provided methods a source of potential tumor peptides is

used to idenufy TCRs that are reactive to neoantigens in a process that includes expansion of the T
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cells reactive o the fwmor necantigenic peptides. Provided methods include ex vive co-culiure
methods in which a population of T celis that have been expanded from T cells presentin or from a
tamor sample is incubated in the presence of anfigen-presenting cells that have been contacted with,
or made to present, the necantigenic pepides. In particular aspects, the T cells and antigen-presenting
cells are antologous to the turaor-beaning subject from which the peptides were identifiad. The
provided raethods further include steps to separate, earich for and/or select for tumor-reactive T cells
from the co-cultire prior to or in connection with thewr further ex vivo expansion.

10876] TIG. 1 depicts a schematic of an exemplary process for mamifacturing a T cell therapeutic
composition in accord with the provided methods. In the exemplary process a tumor sample is
ohtained from a patient for wdentification and generation of pepudes for use in co-cultoring methods
with antigen presenting cells (APCs) presenting the peptides and astologous antigen T cells obtained
from the same sobject. In some cases, a suspension of dissociated tumor cells containing T cells is
obtained or provided from the patient, and subjected to an imtial pre-expansion with recorpbinant 1L-2
to expand T cells from the tumor, prior to co-culture with antigen presenting cells that have been
foaded with a pool of 20mer-40mer peptides identified from the necantigens and manuofactiwed for
presentation on MHC class | and/or MHC class i molecules. Following co-culture, tumor-reactive T
cells are selected for cells surface positive for CDi34 and/or {137 by sorting using fluorescence
activated cell sorting (FACS), thereby removing potential bystander cells. The selected and sorted
cells are then subjected to a rapid expansion protocol with irradiated peripheral blood mononuclear
cells ((IPBMCs), agonist anti-CD3 antibody (e.g., OKT3), and recombinant IL.-2 until a threshold
mumber of cells is obtained, typically 12 to 16 days, such as at or about 14 days. Upon reaching the
threshold number of cells, the cells can be harvested and formulated, 1o some cases concentrated or
crvopreserved, and used for administration to a subject such as by infusion. In some aspects, it is
contemplated that this enniched T product will have superior reactivity as compared to a siratar TIL
product prepared by a bulk method.

10877} The process can be carried ont in the presence of serum-free media containing nutrients.
One or more or all of the steps can be carried out 8 a closed system, such as without exposure of cells
to the outside environment.

[0878] By virtue of the provided process, the initial small population of tumor reactive T cells
expanded from the tumor are enriched for cells that are tmor reactive cells before a sobsequent
second expansion step, thereby promoting preservation and expansion of cells of interest and lnting
expansion of bystander T cells that are not reactive to a tumor antigen and/or that may include cells
that exhihit inhibitory activity. The provided methods maximize the number of tumor reactive cells
that may be collected by co-culturing all of the cells propagated after the first expansion with peptide-
presenting APCs, and then by selecting from among all of the bulk cells after the co-coltuning for cells

positive for CD134 and/or CD137 before the subsequent second expansion. As demonstrated herein,
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the provided methods can result in 1000-fold or more expansion of the selected tumor reactive celis
with REP, and such cells exhibit robust neocantigen reactivity as demonstrated by cyiokine (e.g., IFNy)
production and secretion and production of factors necessary for cytotoxic killing (e.g. CD107a and
Granzyme B}.

[6879] This is in contrast to existing methods that involve passive expansion of bulk T cells in
which all T cells from a tumor are subjected to expansion. In such other methods, while total viable
cells {TV() can be greatly expanded by these alternative processes, there 1s no step of actively
ensuring that turnor reactive T cells are predominanily propagated.

[0880] Tu particular aspects, the provided methods can be used for the ex vivo productionof a T
cell therapy, inchuding for the ex vive expansion of autologous tmor-reactive T cells. In some
embadiments, the methods produce or expand T cells for use in autologous cell therapy for reating
cancer. In particular embodiments, the tomor from which the cells are derived 38 from a colorectal
cancer (CRC) and the methods are used to reat CRC 1n the patient.

[0081] Unless defined otherwise, all termas of art, notations and other technical and scientific
terms or terminology used herein are mtended to have the same meamng as is commonly understood
by one of ordinary skill in the art to which the claimed subject matter pertaips. In some cases, terms
with commonly paderstood meanings are defined herein for clanity and/or for ready reference, and the

nclusion of such definitions herein should not necessarily be construed to represent a substantial
difference over what is generally understood in the art.

{60821 All publications, including patent docoments, scientific articles and databases, referred 1o
in this application are incorporated by reference in their entirety for all purposes to the same extent as
if each individual publication were individually incorporated by reference. If a definition set forth
herein is contrary to or otherwise inconsistent with 2 definition set forth in the patents, applications,
published applications and other publications that are hercin incorporated by reference, the definition
set forth herein prevails over the definition that is incorporated herein by reference.

[B083] The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.
L ENRICHED TUMOR REACTIVE THL COMPOSITIONS

[0084] Provided herein are TIL compositions that are enriched for tumor reactive T cells. Tn
some embodiments, the TiL compositions contain primary T cells from a tumor from a subject that
have been ennched for tamor reactive T cells by co-culture with autclogous APCs presenting
neoantigenic peptdes from the subject’s turmor and expanded ex vivo. In some embodiments,
provided TIL compositions can be produced by the provided ex vivo methods for producing THL

COMPOSIHONS.
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{8085} In some embodiments, the provided TIL composition is a multiclonal population that
exhibits TCR diversity and enrichment of T cell receptors (TCRs) reactive to neoantigens {(i.c.,
neoantigenic peptides). In some embodiments, the multiclonal population is an oligoclonal population
that exbibits TCR diversity and enrichment of different TCR clonotypes reactive to neoantigens. In
some embodiments, the TIL composition contains at Jeast 10 different TCR clonotypes that exhibit
neoantigen reactivity. In some embodiments, the TIL composition contains at least 11, 12, 12, 14, 15,
16, 17, 18, 19, 20 or more different TCR clonotypes that exhibit neoantigen reactivity. In some
embodirents, the TIL compasition contains more than 20 different TCR clonotypes, soch as 20 to
100 different TCR clonotypes, such as 20, 30, 40, 58, 60, 70, 80, 90 or 100 different TCR clonotypes
or any value between any of the foregoing. In some embodiments, the TIHL composition contains 30 to
80 different TCR clonotypes. In some embodiments, the TIL composition contaings 40 to 60 different
TCR clonotypes.

[0086] Tu somee embodiments, the population is enriched in tumor reactive T cells and comprises
at least 10 different TCR clonotypes each with a frequency in the popelation of at least 2.0%. In some
embodiments, the population is enriched in tumor reactive T cells and comprises at least 11 different
TCR clonotypes each with a frequency in the population of at least 2.0%. In some embodiments, the
population 15 enriched in tumor reactive T cells and comprises at least 12 different TCR clonotypes
each with a frequency in the population of at least 2.0%. In some embodiments, 8 to 15 differemt T
cell receptor {TCR) clonotypes make up at least 50 % of the TCR frequency in the population. In
some embodiments, 9 to 12 different TCR clonotypes make up af least 50% of the TCR frequency in
the population.

{08871 In some embodiments, the population is enriched in tumor reactive T cells and comprises
at Jeast 10 differcnt TCR clonotypes each with a frequency in the population of at least 1.0%. In some
embodiments, the population is enriched in umor reactive T cells and comprises at least 11 different
TCR clonotypes each with a frequency in the population of at least 1.0%. In some embodiments, the
population is ennched in toror reactive T cells and corprises at Jeast 12 differcot TCR clonotypes
each with a frequency in the population of at least 1.0%. In some erobodiments, § to 15 differemt T
cedl receptor {TCR) clopotypes make up at least 50 % of the TCR frequency in the population. In
some embodiments, 9 to 12 different TCR clonotypes make up at least 50% of the TCR frequency in
the population.

[0888] In some embodinaents, the population is enviched in turor reactive T cells and comprises
at least 20 different TCR clonotypes cach with a frequency in the popudation of at least 2.0%. In some
entbodiments, the population is enniched i tumor reactive T cells and comprises at least 25 different
TCR clonotypes each with a frequency in the population of at least 2.0%. Ia some embodiments, the
population is enriched in tumor reactive T cells and comprises at least 30 different TCR clonotypes

each with a frequency in the population of at least 2.0%. In some embodiments, the population is
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enriched in tumor reactive T cells and comprises at least 40 different TCR clonotypes cach with 2
frequency in the population of at least 2.0%. In some embodiments, 8 to 15 different T celi receptor
(TCR) clonotypes make up at least 54 % of the TCR frequency in the population. In some
embadiments, 9 1o 12 different TCR clonotypes make up at least 30% of the TCR frequency in the
population.

[B082] In some embodiments, the topd TCR clonotypes make up at least 75% of the TCR
frequency in the population. In some embodiments, the topd TCR clonotypes make up at least 80%
of the TCR frequency in the population. In some embodiments, the topdQ TCR clonotypes make up at
feast 85% of the TCR frequency in the population. In some embodiments, the topd40 TCR clonotypes
make up at least 90% of the TCR frequency in the population.

[0890] Tu soree embodiments, the necantigen reactivity of the TCR clonotypes s reactivily to at
least one CD4 antigen and at least one CD8 antigen. In some embodiments, the neoantigen reactivity
of the TCR clonotypes is for at least 2 peptide antigens, in which at least one peptide antigen is a CD4
antigen and at least one peptide antigen is a CD8 antigen.

16891} 1n some embodiments, the necantigen reactivity of the TCR clonotypes is for 216 6
different peptide antigens. In some embodiments, the necantigen reactivity of the TCR clonotypes is
for 2 to 4 peptide antigens. In some embodiments, the neoantigen reactivity of the TCR clonotypes 1s
for 2 peptide antigens. In some embodiments, the neoantigen reactivity of the TCR clonotypes is for
2 peptide antigens in which one 1s 2 CDE antigen and one is a CD4 antigen.

{68921 Iu some embodiments, the necantigen reactivity of the TCR clonotypes is for 2 to 100
different peptide antigens. In some embodiments, the neoantigen reactivity of the TCR clonotypes is
for 2 to 80 different peptide antigens. In some embodiments, the neocantigen reactivity of the TCR
clonotypes is for 2 to 60 differcnt peptide antigens. In some embodiments, the neoantigen reactivity
of the TCR clonotypes is for 2 to 40 differcnt peptide antigens. In some embodiments, the ncoantigen
reactivity of the TCR clonotypes is for 2 to 20 differcnt peptide antigens. In some embodiments, the
neoantigen reactivity of the TCR clonotypes is for 2 to 10 different peptide antigens. Inn sone
embodiments, the neoantigen reactivity of the TCR clonotypes s for 2 to 6 different peptide antigens.
I some embodients, the neoantigen reactivity of the TCR clonotypes s for 2 to 4 different peptide
antigens.

{08931 In some embodiments, the necantigen reactivity of the TCR clonotypes is for 4 to 100
different pepiide antigens. In some embodiments, the neoantigen reactivity of the TCR clonotypes 1s
for 4 1o 80 different peptide antigens. In some erabodiments, the necantigen reactivity of the TCR
clonatypes is for 4 to 60 different peptide antigens. In some embodiments, the neoantigen reactivity
of the TCR clonotypes is for 4 to 40 different peptide antigens. In some embodiments, the neoantigen

reactivity of the TCR clonotypes is for 4 to 20 different peptide antigens. In some embodiments, the
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neoantigen reactivity of the TCR clonotypes 1s for 4 to 10 different peptide antigens. o some
embodiments, the neoantigen reactivity of the TCR clonotypes is for 4 to 6 different peptide antigens.

[6894] In some embodiments, the necantigen reactivity of the TCR clonotypes is for 6 to 100
different peptide antigens. In some embodiments, the neoantigen reactivity of the TCR clonotypes is
for 6 1o 80 different peptide antigens. In sonmwe embodiments, the neoantigen reactivity of the TCR
clonotypes is for & to 60 differcnt peptide antigens. In some embodiments, the neoantigen reactivity
of the TCR cionotypes is for § to 40 differcnt peptide antigens. In some ebodiments, the neoantigen
reactivity of the TCR clonotypes is for 6 to 20 different peptide antigens. In some embodiments, the
neoantigen reactivity of the TCR clonotypes is for 6 to 10 different pepude antigens.

[0895] T somee embodiments, the necantigen reactivity of the TCR clonotypes is for 2, 4, 6, §,

0, 20, 30, 40, 50, 60, 70, 80, 90, or 100 differcut peptide antigens. 1o some embodiments, the
neoantigen reactivity of the TCR clonotypes 1s for 2 different peptide antigens. In some embodiments,
the peoantigen reactivity of the TCR clonotypes is for 4 different peptide antigens. In some
embodiments, the necantigen reactivity of the TCR clonotypes is for 6 ditferent peptide antigens. Ip
some embodiments, the neoantigen reactivity of the TCR clonotypes 1s for 8 different peptide
antigens. In some embodiments, the neocantigen reactivity of the TCR clonotypes is for 10 different
peptide antigens. In some embodiments, the necantigen reactivity of the TUR clonotypes is for 20
different peptide antigens. In some embodiments, the necantigen reactivity of the TCR clonotypes is
for 40 different peptide antigens. In some embodiments, the neoantigen reactvity of the TCR
clonotypes is for 60 different peptide antigens. In some embodiments, the neoantigen reactivity of the
TCR clonotypes is for 80 different peptide antigens. In some embodiments, the neoantigen reactivity
of the TCR clonotypes is for 100 different peptide antigens.

[8096] Various methods for assessing the TCR repertoire for clonotype identification and TCR
reperioire analysis are known (see e.g., Rosati et al. (2017) BMC Biotechnology, 17:61; Fredensohn
et al. {2016) Trends in Biotechnology, 35:203-214). In some aspects, the methods involve high-
throughput or next-generation sequenciag raethods. In some embodiments, the frequency and variety
of different clones present 1n the population or composition can be deterrained. In some
embadiments, the compositions can be assessed the clonality, clonal diversity or clonal heterogencity
of the cells i the population of the composition of cells, for example, based on the determined
frequency and/or variety of clopotypes present in the population or composition. In some
embodiments, single-cell sequencing methods are carried out to identify a clonotype on & particular
cell. In certain aspects, paired off TCR sequencing methods are vsed {see e.g., WO2017053902A1).
In some embodiments, sequencing methods are carried out on DNA, such as genomi@ DNA or
complementary DNA. In some embodiments, sequencing methods are carried oot on RNA. In sonie

embodiments, high-throughput or next-generation sequencing of TCR sequences or by sequencing the
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whole genome or ranscriptome (e.g., RNAseq). In some aspects, the methods used are RNAseqg-
based methods.

[6897] In some embodiments, T celi clonotype assessment and clonality and diversity in various
T cell populations or compositions or samples containing T cells, are determined using high-
throughput sequencing of ali or a portion of the TCR genes or based on sequences obtained from
high-throughput whole genome or transcriptome analysis, on the population or composition of cells,
and/or 10 a single cell. In some embodiments, the provided raethods can inchude various features of
the methods as described in WO2016/044227, WO2016/176322, WO2012/048340, W(O2012/048341,
W02014/144495, WO2017/053902, WO2017/053903 or WO2017/053905, each incorporated by
reference 1n thewr entirety.

[0898] The clonotypes of a cell or the clonotypes present in a population or compuosition of cells,
1n some exanmples, may be determmined by TCR sequencing. In some embodiments, sequencing
niethods that can be emploved nclude high-throughpot or next-generation sequencing as is known in
the art. In some aspects, next-generation sequencing methods can be employed, wsing genonue DNA
or cDNA from T cells, to assess the TCR repertoire, including sequoences encoding the
complementarity-determining region 3 {CDR3). In some embodiments, whole transcriptome
sequencing by RNAseq can be employed. In some aspects, the TCR repertoire information, e.g.. TCR
sequences and relative frequency, can be constructed or extracted from whole transeriptome
sequencing (e.g., by RNAseq). For example, i sone aspects, computational methods such ag
MIXCR {Such as those described in Bolotin et al. Nature Methods 12 (2015) 380-3%1, Bolotim et al.,
Nature Biotechnology 33 (2017) 908-911) or IMREP (Mangul et al., bioRxiv (2017) 089235) can be
atifized to determine the repertoire TCR sequences or a portion thereof (e.g., CBR3) from whole
transcriptome RNAseq results. In some erabodiments, single-cell sequencing methods can be used.
In some embodiments, clonotypes can be assessed or determined by spectratype analvsis (& raeasure
of the TCR VB, Va, Vy, or V§ chain hypervariable region repertoire). Clonotypes can also be
deterrmined by generation and characterization of antigen-specific clones to an antigen of interest.

{06991 In some embodiments, T cell clonotype assessment are determined using bigh-throughput
sequencing of all or a portion of the TCR genes or based on sequences obtained from high-throughput
whole genome or ranscriptorne analysis, on the population or compositon of cells, andfor in a single
cell. In some embodiments, bulk sequencing of targeted sequences {e.g., TCR chains or portion
thereof) or bulk whole genome or ranscriptome sequencing {e.g., by RNAseq) can be used to
determine the clonotypes present in the cells in the population or composition. In some aspects, T cell
clonotype assessment can wvolve sequencing of a portion of the variable region of one or more native
TCR chains, such as the complementarity-determining region 3 (CDR3). In some aspects, single cell
sequencing can be employed. In some embodiments, the provided methods can inchide various

features of the methods as described in WOZ016/044227, WOZ016/176322, WO2012/048340,
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WO2012/048341, WO2014/144495, WO2017/053902, WO2017/053903 or WOZ(17/053905, each
incorporated by reference in their entirety. In some embodiments, for target TCR molecules, the
genes encoding chains of 2 TCR can be obtained from genomic DNA or mENA of immmune cells or T
cells,

[0386] In some embodiments, the composition exhibits clonal diversity, 1.e., s muliiclonal, such
as oligoclonal. Tn some cases, the clonal diversity is determined based on the relative frequency of the
one or more clopotypes andfor one or more TCR sequences. For instance, oligoclonabity or
grammatical variations thereof refer to clonotypes derived from a few clones. The relative mumber of
specificities to determine if 3 moluclonal popuolation is oligocional 1s not necessarily a defined number
It is generally 10 or fess antigen specificities, but can be higher or lower. In some embodiments, an
oligoclonal composition has 2-10 different specificities.  In some embodiments, the determining the
clonal diversity is represented as clonality, Shannon-adjusted clonality or top 25 clonality of each of
the phurality of samples. In some embodiments, the determining the clopal diversity is represented as
Shannon-adjusted clonality in a compositon.

{6101} In some embodiments, the cells of the provided TIL compositions exhibit one or more
phenotypic or functional markers. In some cases, such cells include cells positive or negative for one
or more phenotypic marker or functional feature or attribute.

10102] As used herein, a statement that a cell or popudation of cells is “positive” for a particular
marker, fonction or attribute refers to the detectable presence on or in the cell of a particalar marker,
such as a suwrface marker. When referring to a surface marker, the term refers to the presence of
surface expression as detected by flow cytometry, for example, by staining with an aniibody that

specifically binds to the marker and detecting said antibody, wherein the staining is detectable by flow

8
cyiometry at a level substantially above the staining detected carrying out the same procedure with an
isotyvpe-matched control under otherwise identical conditions and/or at a level substantially simifar to
that for cell known to be positive for the marker, and/or at a level substantially higher than that for a
cell knowa to be negative for the marker.

[0383]  As used herein, a statement that a celt or popudation of cells is “negative” for a particular
marker, function or attribute refers to the absence of substanial detectable presence on or 1n the celi
of a particular oarker, such as a surface marker. When referring to a swrface marker, the term refers
to the absence of surface expression as detected by flow eytorsetry, for example, by stawning with an
antibody that specifically binds to the marker and detecting said antubody, wherein the staining is not
detected by flow cytometry at a level substantially above the staining detected carrying out the sare
procedore with an isotype-maiched control vpader otherwise identical conditions, and/or at 3 level
sabstantially fower than that for cell known o be positive for the marker, and/or at a level

substantially similar as compared to that for a cell known to be negative for the marker.
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{6164} Exemplary markers, funcions and atuibutes of provided TIL compositions are described
below. In some embodiments, the TIL composition is characterized by any one or more of such
features, such as 2, 3, 4, 5 or more of such features. For instance, a provided TIL composition may be
characterized by presence or absence of one or more T cell markers, effector memory phenotype
markers, exhaustion markers, the ability to produce or secrete cytokines and/or the ability to produce
or secrefe a cytotoxic factor, such as described below. Any 2, 3, 4, 5 or more of any of such features
may be present in a TIL coraposiiion as described.

[01058] Tu somee embodiments, a provided TIL composition comprises CD3+ Teells as a
percentage of total cells 1 the population that is greater than or greater than about 85%, such as
greater than or greater than aboot 90%, greater than or greater than about 95%, greater than or greater
than about 97% or greater than or greater than about 98%. In some embodiments, a provided TIL
composition comprises CD3+ T cells as a percentage of total cells in the popuelation that is greater
than or greater than about 90%. In some embodiments, a provided TIL composition comprises CE3+
T cells as a percentage of total cells in the population that 18 greater than or greater than about 85%. In
some embodiments, a provided TIL composition comprises CE3+ T cells as a percentage of total cells
in the population that is greater than or greater than about 98%. In some embodiments, the
composition contains CD4+ T cells and CD8+ T cells as a percentage of total cells in the population
that 1s greater than or greater than about 85%, greater than or greater than about 90%, greater than or
greater than about 95%, greater than or greater than about 97% or greater than or greater than about
98%.

163106] In some embodiments, the composition contains a ratio of D4+ T cells to CD8+ T cells
that 18 between at or about 5:1 to 30:1, between 5:1 to 25:1, between 5:1 to 20:1, between 5:1 to 15:1,
between 3:1 to 10:1, between 10:1 to 3001, between 10:1 10 25:1, between 10:1 to 20:1, between 10:1
10 15:1, between 15:1 to 5001, between 15:1 to 25:1, between 15:1 to 20:1, between 2001 to 501,
between 20:1 to 25:1 or between 25:1 to 30:1. In some embodiments, the composition contains a ratio
of CD4+ T cells to CD%+ T cells that 1s at or about 10:1 to 25:1. In some embodunents, the
composition contains a ration of CD4+ T cells to CDR+ T cells that is about 20:1.

[8187] In some embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
D8+ T cell subsets thereof, greater than 50% express a marker of an effector memory phenotype. In
some erpbodiments, arnong CD33+ T cells in the TIL composition, or CD4+ and/or CD8+ T cell
sabsets thereof, greater than about 30% express an effector memory phenotype marker, greater than
about 60% express an effector memory phenotype marker, greater than abowt 70% express an effector
memory phenotype marker, greater than about 80% express an effector memory phenotype marker, or
greater than 80% express an effector memory phenotype marker. In some embodiments, the effector
menmory phenotype is characterized by surface marker expression of one or more of CD45RA-,

CD4SRO+, CDO2ZL, CCRT-, CD28- and CD27-. In some embodiments, the effector memory
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phenotype is charactenized by strface marker expression CD45RA- and CCR7-. Insome
embodiments, the effector menory phenotype is characterized by surface marker expression
CD4SRA- CD45RO+, CD62ZL, and CCRT . In some embodiments, the effector memory phenotype is
charactenzed by surface marker expression CD4SRA-, CD4SRO™, CDO2ZL, CCRT, CD28 and D27,

[8188] In some embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
CD8+ T cell subsets thereof, greater than about 50% are CD45RA- and CCR7, greater than about
60% are CD4SRA- and CCR7-, greater than about 70% are CD4SRA- and CCR7-, greater thas about
80G% are CDASRA- and CCR7-, or greater than 90% are CD45RA- and CCR7-.

[8109] Tn some erobodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
CD5E+ T cell subsets thereof, greater than about 10% express a central memory T cell marker, greater
than about 15% express a ceatral memory T cell marker, greater than about 20% express a ceniral
nmemory T cell marker, or greater than 25% express a central memory T cell marker. In some
embodiments, the central memory T cell marker 1s CD45RA-CCR7+. In some embodiments, among
CD3+ T cells in the TIL composition, or CD4+ and/or CD8+ T cell subsets thereof, greater than about
10% are CD45SRA-CCR7+, greater than about 15% are CD4SRA-CCR7+, greater than about 20% are
CD45RA-CCRT+, or greater than 25% are CD4SRA-CCR7+.

18118} n some embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
CD8+ T cell subsets thereof, greater than about 10% express a central memory T cell marker (e.g.,
CD4SRA-CCR7+) and greater than about 60% express an effector memory phenotype marker {e.g.
CD4SRA-CCR7Y-). In some embodiments, among CD3+ T cells in the TIL composition, or CD4+
and/or CDE+ T cell subsets thereof, greater than about 13% cxpress a central memory T cell marker
{c.g., CD4ASRA-CCR7+) and greater than about 60% express an effector memory phenotype marker
(c.g. CD45RA-CCR7Y-). In some cmbodiments, among CD3+ T cells in the TIL composition, or
Ch4+ and/or CDR+ T cell subsets thereof, greater than about 20% express a central memory T cell
marker (e.g., CD4SRA-CCR7+) and greater than about 80% express an effector memory phenotype
raarker (e.g. CD45RA-CCR7-). In some embodiments, among CD3+ T cells in the TIL composition,
or CDd+ and/or TD8+ T cell subsets thereof, greater than about 25% express a central memory T celt
narker (e.g., CEMSRA-CCR7+) and greater than abowt 60% express an effector memory phenoiype
raarker (e.g. CD45RA-CCR7-).

10111} In some embodinaents, among CD3+ T cells in the TIL composition, or CDd+ and/or
D8+ T cell subsets thereof, greater than about 10% express a central roemory T cell marker (e.g.,
CD4SRA-CCR7+) and greater than abouot 70% express an effector memory phenotype marker {e.g.
CD4SRA-CCRY-). In some embodiments, among CO3+ T cells in the TIL composition, or CD4+
and/or CD8+ T cell subsets thereof, greater than about 15% express a central memory T cell marker
{e.g., CDASRA-CCR7+) and greater than about 70% express an effector memory phenotype marker

{e.g. CD45RA-CCRY-). In some embodiments, among CD3+ T cells in the TIL composition, or
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Ch4+ and/or CDR+ T cell subsets thereof, greater than about 20% express a central memory T cell
marker (e.g., CD4SRA-CCR7+) and greater than about 70% express an effector memory phenoiype
marker (e.g. CD45RA-CCR7-). Tn some embodiments, among CD3+ T cells in the TIL composition,
or CDd+ and/or TD8+ T cell subsets thereof, greater than about 25% express a central memory T celt
naarker (e.g., CEMSRA-CCR7+) and greater than about 70% express an effector memory phenoiype
raarker (e.g. CD45RA-CCR7-).

10112} In some embodinaents, among CD3+ T cells in the TIL composition, or CDd+ and/or
D8+ T cell subsets thereof, greater than about 10% express a central roemory T cell marker (e.g.,
CD4SRA-CCRT+) and greater than aboot 0% express an effector memory phenotype marker {e.g.
CD4SRA-CCRY-). In some embodiments, among CO3+ T cells in the TIL composition, or CD4+
and/or CD8+ T cell subsets thereof, greater than about 15% express a central memory T cell marker
{2.g., CD4ASRA-CCR7+) and greater than aboot 80% express an effector memory phenotype marker
{e.g. CD45RACCRY-). In some embodiments, among CD3+ T cells 1n the TIL composition, oy
D4+ and/or CD8+ T cell subsets thereof, about 20% express a central memory T cell marker (e.g.,

CDASRA-CCRY+) and about 80% express an effector memory phenotype marker (e.g. CD4SRA-
CCR7-).

{8113} In some embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
CP8+ T cell subsets thereof, about 10% express a central memory T cell marker (e.g., CD45HA-
CCR7+) and about 90% express an effector memory phenotype marker (e.g. CD4SRA-CCR7T-).

{8114} In some embodiments, among CD3+ T cells in the TIL composition, or {D4+ and/or
CD8+ T cell subsets thereof, less than 30% of the cells express an exhaustion phenotype. In some
embodiments, among CD3+ T cells in the TiL composition, or CD4+ and/or CD8+ T cell subsets
thercof, less than about 25% express an exhaustion phenotype, less than about 20% cxpress an
exhaustion phenotype, less than about 15% cxpress an exhaustion phenotype, or less than about 10%
express an exhaustion phenotype.  In some cases, exhaustion can be assessed by monitoring loss of T
cedl fonction, such as reduced or decreased neoantigen-specific reactivity, such as a redoced or
decraased ahility to produce cytokines or to drive cytolyiic activity against target antigen. In some
cases, exhaunstion also can be assessed by monttoring expression of surface markers on T cells {e.g.,
CI5+ T cells, or a €4 and/or CD4 T cell subset thereof) that are associated with an exhaustion
phenotype. Among exhaopstion markers are inhibitory receptors such as PD-1, CTLA-4, LAG-3 and
TIM-3. In some embodinents, the exhaustion phenotype is positive expression for 1, 2, 3 or 4 of such
exhaustion markers.

18113} n some embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
CD8+ T cell subsets thereof, greater than 70% are PD-1". In some embodiments, among CD3+ T

cells in the TIL composition, or CD4+ and/or CD8+ T cell subsets thereof, greater than 75% are PD-1°
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, greater than 80% are PD-1, greater than 85% are PD-17, greater than 90% are PD-17, or greater than
Q3% are PD-17.

[6316] In some embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
CD8+ T cell subsets thereof, greater than 70% are LAG3". In some embodimenis, among CD3+ T
cells in the TIL composition, or CD4+ and/or CD8+ T cell subsets thereof, greater than 75% are
LAGS, greater than 80% are LAG3, greater than 85% are LAG3Y, greater than 90% are LAGS, or
greater than 95% are LAG3S .

[0117] Tu somee embodiments, among CD3+ T cells in the TIL composition, or CD4+ and/or
Cha+ T cell subsets thereof, greater than 70% are PD-1"apd LAG3 . In some embodirents, among
CD3+ T cells in the TIL composition, or P4+ and/or CD8+ T cell subsets thereof, greater than 75%
are P17 and LAG3, greater than 80% arve PD-17 asd LAGS, grea
LAGS, greater than 90% are PD-1" and LAG3™, or greater than 93% are PD-17 and LAG3™

= than 85% are PD-17 and

10118} In some embodinaents, a provided TIL composition nchudes about 10-60 % tumor-
reactive T cells. In some embodiments, a provided TIL composition includes greater than about 15%
tamor reactive T cells, greater than about 20% tumor-reactive T cells, greater than ahout 25% tumor-
reactive T cells, greater than about 30% tornor-reactive T cells, greater than aboot 40% tumor-reactive
T cells or greater than abowt 50% tumor-reactive T cells, or any value between any of the foregoing.

[6119] The provided TIL compositions enriched in tumor reactive cells exhibit a mumber of
functional or phenotypic activities that evidence their reactivity to necantigens {i.c., neoantigenic
peptides). In some embodiments, cells can be assessed for any of & namber of functional or
phenotypic activities, including but not imited to cytotoxic activity, degranylation, ability to produce
or secrete cytokines, and expression of one or more intracelhslar or surface phenotypic markers.
Methods to assess such activities are known and are exemplified herein and in working examples.

[8128] In some embodiments, upon recognition of neoantigens (i.¢., neoantigenic peptides)
presented by APC, TILs can become activaied. Upon activation, the TiLs produce cytokines,
chemokines and other factors abundantly and at the same time exhibit potent cytolytic activity. In
some embodiments, activation triggers the release of cytoplasmic granules confaining granzymes,
leading to target cell death. Assays to measure cytokines, chemokines and other soluble factors are
well known in the art, and include but are not limited to, ELISA, intracellular cytokine staining,
cytoruetric bead array, RT-PCR, ELISPOT, flow cytometry and hic-assays 1o which cells responsive
to the relevant cyvtokine are tested for respoasiveness (e.g. proliferation) in the presence of a e
sample.

10121} In some embodinaents, TILs can be evahuated for phenotype or general functional activity,
such as based on IFN-y and/or granzyme B secretion or other cyiokine secretion, in response (0 a
poivclonal stimulation. In some embodiroents, the polyclonal stmulation s stimudation of CD3 (e.g.,

with OKT3). In some emnbodiments, the in vitro CD3 assay inclodes OKT3 stroudation. In some
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embodiments, the in vitro CD3 assay inclides washing and seeding TIL. into culture plates precoated
with OKT3 diluted in phosphate-buffered saline. In some embodiments, the polyclonal stimulation 1s
stimulation of CD3 {(e.g., with OKT3) and CD28 to provide 2 costinwiiatory signal. Innsone
embodiments, the in vitro assay includes stmulation with ag anti-CE3 aad anti-CD28 aptibody, such
as by incubation of cells with Dynabeads. After overnight incubation, the supernatants are harvested
and profein 1o the supernatant is measured by ELISA for evtokines of interest.

[0122] In some embodinaents, the provided TIL compositions are assessed for tumor or
aeoantigen reactivity, for exaraple by an in vitro assay. Insome embodiments, the assay can be an in
vitro avtologous tumor assay. In some embodiments, the assay is an iz vitro co-culture assay.

[0123] Tu these and related embodiments, the results from such assays {e.g., an in vitro
attologous mor assay or in vitro co-cultore assay or Hke assay) can he used as criteria {o
charactenize the TIL compositions and/or cell populations making up the composition. Such cniteria
can include withowt himitation the presence of and/or amounts or levels of one more of the following:
cytotoxic activity (e.g., tumor cell killing), cell activation andfor reactivity (e.g., against tumor cells)
prodoction and/or secretion of one more of cytokines {e.g., IFN-y and/or grapzyme B secretion) or
production or secretion of other compound related to one or more of cytotoxic activity, cell activation,
cell reactivity, cell viability or cell exthaustion.

10124} 1n some embodiments, TILs can be evaluated for cytokine secretion, e.g., IFN-y and/or
granzyme B secretion, in response to co-culture with autologous tumor digest in an in vitro
autologous tumor assay. In some embodiments, reference to an in vitro antologous mor assay is
understood to be an assay in which TIL are incubated with non-hematopoietic cells front an
autologous primary tumor. In sone embodiments, the in vifre autologous fwmor assay includes
seeding T1ls into a culture plate with autologous non-hematopoictic tumor cells (e.g., 111 ratio). In
some embodiments, the autologous tumor cells are single cell suspensions of CD435 negative (CD45-)
cells obtained from a primary tamor. After a period of incubation ranging fron 12-24 hours,
supernatants are harvested and factor refease can be guaniified, for example by ELISA.

[6328] In some embodiments, THos can be evaluated for cytokine secretion, e.g., IN-y and/or
granzyme B secretion, i respouse o co-cudre with APCs loaded with neoantigen (i.¢., neoantigenic
peptides) 1n an in vifro co-culture assay. In soroe embodiments, reference o an in vitre co-culture
assay is understood to be an assay 1o which TIL are incubated with autologous APCs loaded with
autologous neoantigenic peptides (hereinafter also referred to as peptide loaded autologous APCs). In
some embodiments, the in vitro co-culture assay inchdes seeding TILs into a2 cultore plate with
autologons irradiated APCs presenting neoantigenic peptide. In some embodiments, the APCs are
gradiated. In some embodiments, the APCs are blood-derived APCs, such as B cells or dendritic cells.
In some embodiments, the in vitro co-culture assay referenced herein is an assay in which B cells are

isolated and expanded from amtologous blood or apheresis, such as by culture with CD40L and 114
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for 14 days before loading with necantigenic peptide, and then co-culture with TIL at a ratio ranging
from 1:1 to 1.5 TIL:APC. After a period of incubation ranging from 12-24 hours, supernatants are
harvested and factor release can be quantified, for example by ELISA. In some aspects, an in vifro co-

culture sults in strong T cell activation. Without wishing to be bound by theory, itis
considered that the APCs present in the in vitre co-culture assay express robust levels of HLA and
costimulatory raclecules required to optimally activate T cells, in addition to being pulsed with
neoantigenic peptide cognate to the TIL TCR

[0126] In some embodiments, the provided TIL coraposition ncludes an increased or greate

percentage of cells that exhibit neoantigen reactivity compared to a bulk TIL composition. In
particular ernbodiments, reference to a budk TIL composition refers to a TIL populaton expanded
from the same input source of tumor cells as the provided TIL composition but that is not enriched for
tamor-reactive cells by co-cultare with APCs presenting neoantigenic peptides and selection of cells
positive for CD134 and CD37. For instance, in soime embodiments, a butk TIL composition refers to
a TIL population that is processed the same or sebstantially the same to the provided TIL composition
generated as described in Sections H.A-E except that is not subject to selection of cells positive for
CD134 and CD137 so that the entire bulk population of T cells from the tumor sample are subject to
eX vivo expansion. In some embodiments, the ncoantigen reactivity is increased by greater than 2-
fold, greater than 3-fold, greater than 4-fold, greater than S5-fold, greater than 6-fold, greater than 7-

> & ? &
fold, greater than 8-fold, greater than 9-fold, greater than 10-fold, greater than 15-fold, greater than
20-fold, greater than 30-fold, greater than 40-fold, greater than 50-fold or more.

[8127] In some embodiments, the provided TIL compositions display higher neoantigen
reactivity than a bulk TIL composition in 2 neoantigen reactivity assay, such as an in vitro co-culture
assay of an 18 vitro autologous turaor assay. [n some embodiments, among CD8+ Teellsina
provided TIL composition, greater than at or about 153%, greater than at or about 20%, greater than at
or about 30%, greater than at or about 40% or greater than at or about 50% cxhibit necantigen

reactivity in an in viro awtologous tarnor assay. In some embodiments, among CD4+ Teells o a

o

provided TIL composition, greater than at or about 13%, greater thae af or about 20%, greater than a
,

or about 30%, greater than at or about 40% or greater than at or about 50% exhibit necantigen

reactivity in an in viro autologous tornor assay. In some embodiments, among total Teells ina

-4

providaed TIL composition, greater than al or about 13%, greater than at or about 20%, greater than a
or about 30%, greater than at or about 40% or greater than at or about 50% exhibit necantigen
reactivity in an in viro autologous tornor assay. In some embodiments, among total cells in a
provided TIL composition, greater than at or about 15%, greater than at or about 20%, greater than at
or about 30%, greater than at or about 40% or greater than at or about 50% exhibit necantigen
reactivity in an in vitro autologous tumor assay. In some embodiments, the TIL composition exhibiis

greater than about 2-fold more neoantigen reactivity, 3-fold more necantigen reactivity, 4-fold more
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neoantigen reactivity, or 5-fold more neoantigen reactivity in an in vitro autologous tmor assay,
compared to a bulk TIL composition.

[63128] In some embodiments, among CD8+ T cells in a provided THL composition, greater than
at or about 15%, greater than af or about 20%, greater than at or about 30%, greater than at or about
40% or greater than at or about 50% cxhibit neoantigen reactivity in an in vitro co-culture assay, e.g.,
following culture with autologous APCs (e.g. DCs or B cells) presenting neoantigen peplides. In
some erpbodiments, araong T4+ T celis in a provided TIL comaposition, greater than at or shout
15%, greater than at or about 20%, greater than at or about 30%, greater than at or about 40% or
greater than at or about 50% exhibit neoantigen reactivity in an s viro co-colbure assay, e.g.,
following colture with antologous APCs {e.g. DCs or B cells) presenting neoantigen peptides. In
some embodiments, among total T cells in a provided TIL composition, greater than at or aboot 15%,
greater than at or abowt 20%, greater than at or about 30%, greater than at or about 40% or greater
than at or about 50% exhibit necantigen reactivity in an ip vitro co-culture assay, e.g., following
colture with aswtologous APCs (e.g. BTs or B cells) presenting necantigen peptides. In some
embodiments, among total cells in a provided TIL composition, greater than at or about 15%, greater
than at or about 20%, greater than at or about 30%, greater than at or about 40% or greater than at or
about 30% exhibit neoantigen reactivity in an in vitro co~-culture assay, e.g., following culture with

autofogous APCs (e.g. DCs or B cells) presenting neoantigen peptides.  In sone embodiments, the

TIL composition exhibits greater than about 2-fold more neoantigen reaciivity, 3-fold nore

neoantigen reactivity, 4-fold more neoantigen reactivity, or 5-fold more necantigen reactivity in an in

g., DCs or B cells) presenting

&

vitro co-culture assay, e.g., following culture with autologous APCs (e,

rared to a bulk TIL compaosition.

neoantigen peptides, con

[6328] In some embodiments, T composition can include an increased or greater percentages
of CD3+ T cells posttive for CH134 and CD137 compared to the percentage of such CD3+ T cells
positive for CD34 apd CD137 presest in a bulk TIL population, 1o a co-culture assay, e.g. following
culture with awtologous APCs (e.g. s or B cells) presenting necanngenic peplides. In some
embodiments, the percentage s increased at least or at least about 1.5-fold, 2-fold, 3-fald, 4-fold, 5-
fold, 10-fold, 20-fold or more.

[0138] Tu some embodiments, among cells in the provided TIL composition, greater than at or
about 48% are positive for CD134 and CD3 137, such as greater than at or about 50%, 55%, 60%, 65%,
0%, 75%, 80%, 85% or more are positive for (D134 and CD137. In some erubodiments, among
cells i the provided TIL composition, greater than at or about 50% are positive for CD134 and
Cp137. In some embodiments, arong cells in the provided TIL composition, greater than at or about
60% are positive for CD134 and CD137. In some embodiments, among cells in the provided TIL

composition, greater than at or about 70% are positive for CD134 and CD137. In some embodiments,
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among cells in the provided TIL composition, greater than at or about 80% are positive for CD134
and CDi37.

[8131] In some embodiments, the provided TIL compositions display higher effector cytokine
responses in a necantigen reactivity assay, such as an in vilro co-culiure assay or an in vitro
autologous mumor assay, than a bulk TIL conposition. In some embodiments, among CD8+ T eefls in
a provided TIL composition, greater than at or about 15%, greater than at or about 20%, greater than
at or about 30%, greater than at or about 40% or greater than at or about 50% produce IFN-y inan in
vitro co-culire assay, e.g., following culture with autologous APCs (2.2 BCs or B celis) presenting
neoantigen peptides. In some embodiments, among CD4+ T cells 1 a provided TIL composition,
greater than at or about 15%, greater than at or about 20%, greater than at or abowt 30%, greater than
at or about 40% or greater than at or about 50% produce IFNwy in an in vitre co-culiure assay, e.g.,
following colture with antologous APCs {e.g. DCs or B cells) presenting neoantigen peptides. In
some embodiments, among total T cells in a provided TIL composition, greater than at or aboot 15%,
greater than at or abowt 20%, greater than at or about 30%, greater than at or about 40% or greater
than at or about 50% produce IFN-y in an in vifro co-culture assay, e.g., following culture with
autologous APCs {e.g. DCs or B cells) presenting neoantigen peptides. In some embodiments, among
total cells in a provided T1L composition, greater than at or about 15%, greater than at or about 20%,

rreater than at or about 30%, greater than at or about 40% or greater than at or about 50% produce

i)

IFN-v in an in vitro co-culture assay, e.g., following culmre with autclogous APCs {e.g. DUs or B
cells) presenting neoantigen peptides.

[6332] In some embodiments, among CD8+ T cells in a provided THL composition, greater than
at or about 15%, greater than at or about 20%, greater than at or about 30%, greater than at or about
40% or greater than at or about 30% produce IFN-y in an in vitro auntologous tomor assay. In some
embodiments, among ChR4+ T cells in a provided TIL composition, greater than at or about 13%,
greater than af or about 20%, greater than at or about 30%, greater than at or about 40% or greater
than at or abowt 50% produce TFN-y in an in vitre autologous turaor assay. 1o some embodiments,
among total T cells 10 a provided TIL compaosition, greater than at or about 15%, greater than at or
about 20%, greater than at or about 30%, greater than at or about 40% or greater than at or aboot 50%
produce IFN-y in an iz vitre autologous tumor assay. In some embodiments, among total celis tna
providaed TIL composition, greater than at or about 13%, greater than at or about 20%, greater than at
or about 30%, greater than at or about 40% or greater than at or about 50% produce IFN-y in an in
vitro autologous turor assay.

16133} In some emnbodiments, the TIL composition produces greater than about 2-fold more IFN-
v following an in vifre co-culture assay, e.g., cultore with autologous APCs (e.g., DCs or B cells)
presenting neoantigen peptides, compared to a bulk TIL composition. [n some embodiments, the TIL

composition produces greater than about 3-fold more 1FN- v, 4-fold more IFN- v, 5-fold more IFN- v,
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6-fold more IFN-y, 7-fold more IFN-y, §-fold more IFN-y, 9-fold more IFN-y, 10-fold more IFN-v or
15-fold more IFN-~y in an in vifro co-culiure assay, e.g., following culture with autologous APCs (e.g.
DCs or B celis) presenting neoantigen peptides, compared to a bulk TiL composition. In some
embadiments, the TIL coraposition produces greater than about 20-fold more IFN-y following an in
vitro co-culture assay, e.g., culture with avtologous APCs (e.g., DCs or B cells) presenting neoantigen
peptides, compared to a bulk TIL composition. In some embodiments, the TIL composition produces
greater than about 30-fold more IFN- v, 40-fold more IFN- v, 50-fold more IFN-y, 60-fold more IFN-
v, TO-fold more IFN-y, 80-fold more IFN-y, 80-fold more IFN- v or 100-fold more IFN-y in an in
vitro co-cudture assay, ¢.g., following colture with autologous APCs (e.g. BCs or B cells) presenting
neoantigen pepldes, compared to a bulk TIL composition. In some embodiments, the TIL
composition produces greater thap about 300-fold more IFN-y, 400-fold more IFN-y, 500-fold more
HEN-y, 600-fold more IFN-y, 700-fold more IFN-y, 800-fold more IFN-y, 900-fold more IFN-y or
1000-fold more IFN-y in an in vitro co-culture assay, e.g., following culture with autologous APCs
{e.g. DUs or B cells) presenting necantigen peptides, compared to a bulk TIL composition.

[8134] In some embodiments, the TTL composition produces greater than about 2-fold more IFN-
v following an in vitro autologous tumor assay compared to & bulk TIL composition. In some
embodiments, the TIL composition produces greater than about 3-fold more IFN- v, 4-fold more IFN-
v, S-fold more IFN- v, 6-fold more TFN-~y, 7-fold more IFN-~y, 8-fold more IFN-y, 9-fold more TFN-y,
10-fold more IFN- v or 15-fold more TFN-y in an in vifro co-culiure assay, ¢.g., following culture
with autologous APCs (e.2. DCs or B cells) presenting neoantigen peptides, compared to a balk TIL
composiiion. In some embodiments, the TIHL composition produces greater than about 20-fold more
IFN-y following an in vitro antologous tumor assay compared to a bulk TIL composition. In some
embodiments, the TIL coraposition produces greater than about 30-fold rore IFN-y, 40-fold more
IFN-y, 50-fold more IFN-y, 60-fold more IFNy, 70-fold more FFN-y, 80-fold more TFN- v, 90-fold
raore IFN-y or 100-fold more IFN-y 10 an in vifre autologous tumor assay corapared to a bulk TIL
composiion. In some embodiments, the THL composition produces greater than about 300-fold more
IEN-y, 400-fold more IFN- v, 500-fold more IFN-y, 600-fold more IFN-y, 700-fold more IFN-y, 800-
fold more IFN-y, 900-fold more IFN- v or 1000-fold more IFN- v in an in vitre autologous tumor
assay compared to a bulk TIL composition.

18133] n some embodiments, the TTL composition produces TNy following an in vifro co-
culture assay, e.g., culture with autologous APCs {e.g., DCs or B cells) presenting necantigen
peptides. In some embodiments, the TIL composition produces between 100-500 pg/ml, between
S00-1000 pg/mL, between 1,000-2,000 pg/mL, or between 2.000-2,500 pg/mL IFN-y. In some
embodiments, the TIL composition produces between 2,000-4,000 pg/mb., between 2,000-6,000
pg/ml, between 2,000-20.000 pg/mL, between 2,000-30,000 pg/mL, or between 2,000-40,000 pg/mL

FN-7.. In some embodiments, the TIL composition produces between 2,000-2,500 pg/mL, between
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2,000-3,000 pg/mL, between 2,0600-3,500 pg/ml, between 2,000-4,000 pg/ml, or between 2,000-
4,500 pg/mL TFN-y. In some embodiments, the TIL composition produces between 2,000-1,500,000
pg/ml, between 2,000-1,000,000 pg/mL, between 2,000-500,000 pg/mL, or between 2,000-250,000
pg/ml IFN-y. In some ermabodiments, the TIL composition produces between 5,000-1,500,000
pg/ml., between 5,000-1,000,000 pg/ml., between 5,000-5300,000 pg/ial., or between 5,000-2503,000
pg/ml. IFN-v. In some embodiments, the TIL composition produces between 5,000- 1,500,000 pg/ral,
between 100,000-1,000,000 pg/ml., between 100,000-508,000 pg/ml., or between 1060,000-250,000
pg/ml IFN-v. In some embodiments, the T composition produces 300 pg/ml., 1,000 pg/mL, 1,560
pg/ml, 2,000 pg/ml, 2,500 pg/md., or 3,000 pg/mL IFN-y. In some embodiments, the TIL
composition produces 2,000 pg/ml, 4,000 pg/mb, 6,000 pg/ml., 8,000 pg/ml, 10,000 pg/ml, or
20,000 pg/ml IFN-y. In some embodiments, the TIL composition produces 5,000 pg/ml., 10,000
pg/mi, 20,000 pg/mb, 30,000 pg/mL, 40,000 pg/mi., or 50,000 pg/mL FN-y. In some embodiments,
the TIL composition produces 50,000 pg/mL., 100,000 pg/mL., 200,000 pg/mi, 300,000 pg/mL,
400,000 pg/ml., 500,000 pg/mL., 600,000 pg/ml., 700,000 pg/mL, 800,000 pg/mL, 900,000 pg/mL,
1,000,000 pg/mi., or 1,500,000 pg/mL IFN-y. . In some embodiments, the TIL composition produces
100 pg/ml [FN-y. In some embodimenis, the TIL composiiion produces 500 pg/mL IFN-y. In some
embodiments, the TIL composition produces 1,000 pg/mlL IFN-y. In some embodiments, the TIL
composition produces 2,000 pg/mL IFN-v. In some embodiments, the TIL composition produces

4 000 pg/mL IFN-y. In some embodiments, the TIL composition produces 5,000 pg/mL IFN-y. In
some erpbodiments, the TIL composition produces 6,000 pg/ral. IFN-y. In some embodiments, the
TIL composition produces 20,000 pg/mL IFN-y. In some embodiments, the TIL composition
produces 30,000 pg/rol. IFN-v. In some embodiments, the TIL composition produces 40,000 pg/md.
FN-y. o some embodiments, the TIL coraposition produces 50,000 pg/ml., IFN-y. In some
enbodiments, the TIL composition produces 300,000 pg/mi IFN-y. In some embodiments, the TIL
composition produces 600,000 pg/mL IFN-y. In some embodiments, the TIL composition produces
700,000 pg/ml IFN-y. In some embodiments, the TIHL composition produces 800,600 pg/mL IFN-y.
In some embodiments, the TIL composition produces 900,000 pg/mL IFN-y. In some embodiments,
the THL. composition produces 1,000,000 pg/mb IFN-y. In some erobodiments, the TIL composition
produces 1,500,000 pg/mL [FN-y.

18136} In some ernbodiments, the TEL composition produces IFN-y following in an in vigo
autologous tumor assay. In some embodiments, the TIL composition produces between 100-500
pgiml, between S00-,1000 pg/ml, between 1,000-2,000 pg/mlL, or between 2,000-2,500 pg/mL IFN-
v. In some embodiments, the TIL composition prodoces between 2,000-4,000 pg/mL, between 2,000~
6,000 pg/ml, between 2,000-20,000 pg/mL, between 2,000-30,000 pg/mL, or between 2,000-40,000
pgiml IFN-y.. In some embodiments, the TIL. composition produces between 2,000-2,500 pg/ml.,

between 2,000-3,000 pg/nid., between 2,000-3,500 pg/ml., between 2,000-4,000 pg/mL., or between
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2,000-4,500 pg/mL IFN-y. In some embodiments, the TIL composition produces between 2,000-
15,000 pg/ml, between 2,000-10,000 pg/mL, or between 2,000-5000 pg/mkb [FN-y. In some
embodiments, the TIL composition produces between 3,000-15,000 pg/ml., between 3,000- 10,000
pgfml., or between 3,000-5000 pg/ol. TFN-y. 1o soroe ersbodiments, the TIL composition prodaces
between 3,000-15,000 pg/mlL, betweea 5,000-10,000 pg/ml., or between 5,000-5000 pg/ml. IFN-v.
In some embodiments, the TIL comaposition produces 2,000 pgiml, 5,000 pg/ml., 10,000 pg/ml, or
15,000 pg/ml IFN-y. In some embodiments, the TIL composition produces 100 pg/mL IFN-y. In
some embodiments, the TIL composition produces 300 pg/mL IFN-y. In some embodiments, the TOL
composition produces 1,000 pg/ml IFN-y. In some embodiments, the TIL composition prodoces
2,000 pg/ml IFN-y. In some embodiments, the TIL composition produces 4,000 pg/mL IFN-y. In
some embodiments, the TIL composition produces 3,000 pg/mL IFN-v. In some embodiments, the
TIL composition produces 6,000 pg/mL IFN-y. In some embodiments, the TIL composition produces
10,000 pg/mL IFN-y. In some embodiments, the TIL composition produces 15,000 pg/mL IFN-v. In
some embodiments, the TIL composition produces 20,000 pg/mL IFN-y. In some embodiments, the
TIL composition produces 30,000 pg/mL IFN-y. In some embodiments, the TIL composition
produces 40,000 pg/mi TFN-v.

[8137] In some embodiments, among CD8+ T cells in a provided TIL composition, greater than
at or about 15%, greater than at or about 20%, greater than at or about 30%, greater than at or about
4% or greater than at or about 50% produce TNF-w 10 an in vitro co-culture assay e.g., following
culture with autologous APCs (e.g. DCs or B celis) presenting neoantigen peptides. Insome
embodiments, among CD4+ T cells in a provided TIL composition, greater than at or about 15%,
greater than at or about 20%, greater than at or about 309%, greater than at or about 40% or greater
than at or about 50% produce TNF-a in an in vitro co-cultore assay e.g., following culture with
autclogous APCs (e.g. s or B cells) preseniting necantigen peptides. In some embodiments, among
total T cells 1n a provided TIL composition, greater than at or about 15%, greater than at or about
20%, greater than at or abowt 30%, greater than at or about 40% or greater than at or about 50%
prodoce TNF-g in ap in vitro co-cultore assay e.g., following culture with autologous APCs {e.g. DCs
or B cells) presenting necantigen peptides. In some embodiments, among total cells in a provided
TIL composition, greater than at or about 15%, greater than at or about 20%, greater than at or about
30%, greater than at or about 40% or greater than at or about 50% produce TNF-o in an in vitro co-
culture assay e.g., following culture with autologous APCs {e.g. DCs or B cells) presenting
neoantigen peptides.

10138] In some embodiments, among CD8+ T cells in a provided TIL composition, greater than
at or about 15%, greater than at or about 20%, greater than at or about 30%, greater than at or about
40% or greater than at or about 30% produce TNF-¢ in an in vitro autologous tumor assay. [n some

embodiments, among CD4+ T cells in a provided TIL composition, greater than at or about 15%,
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greater than at or about 20%, greater than at or about 30%, greater than at or about 40% or greater
than at or about 50% produce TNF-0 in an in vifro autologous tumor assay. In some embodiments,
among total T cells in a provided TIL composition, greater than at or about 15%, greater than at or
about 209, greater than at or about 30%, greater thagn at or about 40% or greater than at or about 50%
produce TNF-[] 10 an in vitro autologous tumor assay. In sorne embodiments, among total cells ina
provided TH. composition, greater than at or about 15%, greater than at or about 20%, greater than at
or about 30%, greater than at or about 40% or greater than at or about 50% produce TNF- ¢ inanin
vitro astologoos inor assay.

10139} In some embodimaents, the TIL composition produces greater than aboul 50-fold more
TNF-a following an in vitro co-culture assay, e.g., cultore with autologous APCs (e.g. DCs or B
cells) presenting necantigen peptides, compared to a bulk TIL composition. In some embodiments,
the THL composition produces greater than about 2-fold more, about 5-fold more TNF- g, 10-fold
more TNF- @, 15-fold more TNF- ¢, 20-fold more TNF- ¢, 25-fold more TNF- g, 30-fold more TNF-
@, 35-fold more TNF- ¢ or 40-fold more TNF- @ in an i vitro co-coluure assay ¢.g., following culture
with autologous APCs (e.g. DCs or B cells) presenting neocantigen peptides, compared to a bulk TIL
composition. In some embodiments, the TIL composition produces greater than about 75-fold more
TNE-¢ , 100-fold more TNF-¢ , 1530-fold more TNF-¢ , 200-fold more TNF-q , 250-fold more TNF-¢
. 300-fold more TNF-o, 350-fold more TNF-¢  or 400-fold more TNF-¢ in an in vitro co-cultire
assay e.g., following culture with autologous APCs {e.g. DCs or B cells) presenting neoantigen
peptides, compared to a bulk TIL composition.

[81408] In some embodiments, the TIL composition produces greater than about 50-fold more
TNF-a following an in vifro antologous tumeor assay compared to a bulk TIL composition. In some
embodiments, the TIHL composition produces greater than about 2-fold more, about S-fold more TNF-
o, 10-fold more TNF-g , 13-fold more TNF-g, 20-fold more TNF-0, 25-fold more TNF-o , 30-fold
more TNF-a, 35-fold more TNF-a  or 40-fold more TNF-o in an i vitro antologous turnor assay
compared to a bulk TIL composition. In some embodiments, the TIL coraposition produces greater
than about 75-fold more TNF-o, 100-fold more TNF-o , 150-fold more TNF-¢ , 200-fold more TNF-
o, 250-fold more TNF-o, 300-fold more TNEF-o, 350-fold more TNF-¢  or 400-fold more TNF-o in
an i vitro astologous tumor assay cormpared to a bulk TIL composition.

{6141} In some embodiments, the THL composition produces TNF-¢ in an in vifro co-culiure
assay, e.g., culhure with avtologous APCs {e.g., BCs or B cells) presenting neoantigen peptides. In
some embodiments, the TIL composition produces between 50-100 pg/mL, between 56-150 pg/ml,
between 30-200 pg/ml, between 50-400 pg/ml., between 50-500 pg/mL, between 5S0-600 pg/ml.,
between 50-700 pg/mL, between 50-800 pg/mL., between 50-900 pg/mL, or between 50-1000 pg/mlL
TNF-¢. Insome embodiments, the TIL composition produces between 250-2500 pg/mL, between

250- 2000 pg/mL, between 250-1500 pg/mL. between 250-1000 pg/mbL, between 250-500 pg/mb
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TNF-g . In some embodiments, the THL composition produces 250 pg/fmal., 300 pg/ml., 1000 pg/inL,,
1500 pg/mlL., 2000 pg/mL, or 2500 pg/ml, TNF-u . In some embodiments, the TIL composition
produces 50 pg/mL TNF-o . In some embodiments, the TIL composition produces 100 pg/md. TNF-a
. In sorae emabodiments, the TIL composition produces 200 pg/ml. TNF-o . In some embodiments, the
T compaosition praduces 250 pg/md. TNF-o . In some erabodiments, the TIL composition produces
300 pg/ml TNF-a . In some erabodiments, the TIL composttion produces 350 pg/ral. TNF-a . In
some embodiments, the TIL compaosition produces 400 pg/ird. TNF-a . In some embodiments, the
TIL composition produces 450 pg/mL TNF-o In some embodiments, the TIL composition produces
500 pg/mb. TNF-o . In some embodiments, the TIL composition produces 600 pg/mb TNF-a . In
some embodiments, the TIL composition produces 700 pg/mi TNF-o. In some embodiments, the TIL
composition produces 800 pg/mal TNF-¢ .. In some embodiments, the TIL composition produces 900
pg/mL TNF-g .In some embodiments, the TIL composition produces 1000 pg/mL TNF-a . In some
embodiments, the TIL composition produces 1500 pg/mL TNF-a . In some embodiments, the TIL
composition produces 2000 pg/mL TNF-a . In some embodiments, the TIL composition produces
2500 pgfmL TRNF-¢.

[8142] In some embodiments, the TYL composition produces TNF-a following an in vifre
autologous tumor assay. In some embodiments, the TIL composition produces between 50-100
pg/ml., between 50-150 pg/ml, between 50-200 pg/ml., between 50-400 pg/ml., between 30-500
pg/ml., between 50-600 pg/ml, between 30-700 pg/ml., between 50-800 pg/ml., between 30-900
pg/mL, or between 50-1000 pg/ml. TNF-a . In some crabodiments, the TH. composition produces
between 25(0-2500 pg/mL., between 250- 2000 pg/mL, between 250-1500 pg/ml., between 230-1000
pg/ml., betwean 250-500 pg/ml. TNF-u . In some embodiments, the TIL cormaposition produces 250
pe/ml., 500 pg/ml., 1000 pg/ml., 1500 pe/ml, 2000 pg/od., or 2500 pg/ml., TNF-& . Ta some
embadiments, the TIL coraposition produces 5 pg/ml, TNF-g . In some embodiments, the TIL
composition produces 100 pg/ml TNF-¢ . In some embodiments, the TIL coraposition produces 200
pg/ml TNF-¢ In some embodiments, the TIL composition produces 250 pg/ml TNF-¢ . In some
embodiments, the TIL compositon produces 300 pg/ml TNF-¢ . In some embodiments, the TIL
composition prodoces 350 pg/ml TNF-q . In some embodiments, the TIL composition produces 4060
pg/ml TNF-¢ . In some embodiments, the TIL composition produces 450 pg/mb TNF-o In some
embodiments, the TIL composition produces S00 pg/mL TNF-u . In some embodiments, the TIL
composition produces 600 pg/mL TNF-o . In some embodiments, the TIL composition produces 700
pg/mL TNF-g. In some embodiments, the TIL composition produces 800 pg/mL TNF-¢ .. In some
embodiments, the TIL composition produces 900 pg/mL TNF-o In some embodiments, the TIL
composition produces 1000 pg/mL TNF-a . In some embodiments, the TIL composition produces
1500 pg/ml. TNF-¢ . In some embodiments, the TIL composition produces 2000 pg/mL TNF-o . In

some embodiments, the TIL composition produces 2500 pg/ml TNF-x .
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[8143] In some embodiments, the cytotoxic activity can be determined based on the ability o
produce or secrete granzyme B in a neoantigen reactivity assays, such as an in vitro co-culiure assay
or an in vitro autojogous tumor assay. In some embodiments, the TIL composition produces greater
than about 10-fold more granzyme B in an in vitro co-culture assay, ¢.g., following culture with
autologous APCs {e.g., DCs or B cells) presenting neoantigen peptides, compared to bulk TIL
compaosition. In some embodiments, the TIL composition produces greater than about 20-fold more
granzyme B, 30-fold more granzyme B, 40-fold more granzyme B or 50-fold more granzyme B s an
in vitre co-culture assay, e.g., following culivre with amtologous APCs {e.g., DCs or B cells)
presenting necantigen peptides, compared to a butk TIL composition. In some enmbodiments, the TIL
composition produces greater than about 100-fold more granzyme B in an in vitro co-culture assay,
¢.g., folfowing coluwe with antologous APCs (e.g., DCs or B cells) presenting neoantigen peptides,
compared to a budk TIL composition. In some embodiments, the TIL composition produces greater
than about 200-fold more granzyme B, 300-fold more granzyme B, 400-fold more granzyme B or
S00-fold more granzyme B in an i vitro co-culture assay, e.g., following culture with autologous
APCs (e.g., DCs or B cells) presenting necantigen peptides, compared to a bulk TIL composition. In
some embodiments, the TIL composition produces greater than about 1000-fold more granzyme B in
an in vitro co-culture assay, e.g., following culture with autologous APCs {e.g., DCs or B cells)
presenting neoantigen peptides, compared to a bulk TIL composition. In some embodiments, the TiL
composition produces greater than about 2000-fold more granzyme B, 3000-fold more granzyme B,
4000-fold more granzyme B or 5000-fold more granzyme B 1n an in vitro co-culture assay, ¢.g.,

following culture with autologous APCs {c.g., DCs or B cells) presenting neoantigen peptides,

compared to a hulk TIL composition. In some embodiments, the TIL composition produces grea
than about 10,000-fold more granzyme B 10 an in vitro co-culture assay, e.g., following culture with
autclogous APCs (e.g. s or B cells) presenting necantigen peptides, compared to a bulk TIL
COTapOSing:.

10144} In some embodiments, the TIL composition produces greater than about 10-fold more
granzyme B in an in vitro autologous tumor assay compared to a bulk TIL composition. In some
entbodiments, the TIL composition produces greater than about 20-fold more granzyme B, 30-fold
more granzyme B, 40-fold more granzyme B or 30-fold more granzyme B in an 1n viro autologous
tamor assay compared to a butk TIL composition. In some enbodiments, the TIL composition
produces greater than about 100-fold more granzyme B in an in vitro autologous twmor assay
compared to a bulk TIL composition. In some embodiments, the TIL composition produces greater
than about 200-fold more granzyme B, 300-fold more granzyme B, 400-fold more granzyme B or
S00-fold more granzyme B in an in vitro autologous tumor assay compared to a bulk TIL
composition. In some embodiments, the TIL composition produces greater than about 1000-fold more

granzyme B in an in vitro aptologouns tumor assay compared to a bulk TIL composition. In some
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embodiments, the TIL composition produces greater than about 2000-fold more granzyme B, 3000-
fold more granzyme B, 4000-fold more granzyme B or 5000-fold more granzyme B in an in vitro
autologous tumor assay compared to 2 bulk TIL composition. In some embodiments, the TIL
coraposition produces greater thap about 10,000-fold more granzyme B 1n an in vitro antologous
turor assay compared to a bulk TH. composition.

[8145] In some embodiments, the TIL composition produces granzyme B in an in vifre co-
culture assay, e.g., cultnre with autologous APCs (e.g. DCs or B cells) presenting necantigen peptides.
In some embodiments, the TIL composition produces between 5,000-10,000 pg/od., between 5,000-
15,000 pg/ml., between 5,000-20,000 pg/ml., between 5,000-25,000 pg/ml, between 5,000-30,000
pg/ml granzyme B, between 5,000-75,000 pg/mL granzyme B, In some embodiments, the TIL
composition produces between 50,000-600,000 pg/mb., between 50,000~ 500,000 pg/ml., between
S0,000-400,000 pg/mi, between S0,000-300,00 pg/ml., between 200,00-500 pg/mL granzyme B,
between 200,000-500 pg/mL granzyme B. In some embodirnents, the TIL composition produces
5,000 pg/ml, 10,000 pg/ml., 20,000 pg/ml., 25,000 pg/ml, 56,000 pg/mL, 75,000 pg/mi. or 100,000
pg/mL, granzyme B. In some embodiments, the TIL composition produces 50,000 pg/mL., 100,000
pg/mL, 200,000 pg/mL, 300,000 pg/mL, 400,000 pg/mL, 500,000 pg/mL or 600,000 pg/mL,
granzyme B. In some embodiments, the TIL composition produces 3,000 pg/mL. granzyme B. In some
embodiments, the TIL composition produces 10,000 pg/mL granzyme B. In some embodiments, the
TIL composition produces 20,000 pg/ml granzyme B. In some embodiments, the TIL composition
produces 25,600 pg/ml. granzyme B. In some embodiments, the TIL. composition produces 56,000
pg/ml granzyme B. In some embodiments, the TIL composition produces 55,000 pg/mL granzyme B.
In some embodiments, the TIL composition produces 75 000 pg/ml. granzyme B. In some
embodiments, the TIL composition produces 100,000 pg/ml. granzyme B. In some embadiments, the
TIL compasition prodoces 200,000 pg/ml granzyme B. In some embodiments, the TIL composition
produces 300,000 pg/ml granzyree B. In some embodiments, the TIL composition produces 400,000
pg/ml granzyme B. In some embodiments, the TIL composition produces 300,000 pg/mL granzyme
B. In some embodiments, the TIL composition produces 600,000 pg/mlb granzyme B.

[0146] 1n some embodiments, the TIL composition produces granzyme B in an autologous tumor
assay. In some embodiments, the TIL composition produces between 200-3,000 pg/mL, between
200-1,000 pg/mL, or between 200-500 pg/mi. granzyme B. In some enmbodiments, the THL
composition produces between 300-3,000 pg/mL, between 300-1,000 pg/mL, or between 300-300
pg/ml granzyme B. In some embodiments, the TIL composition produces between 5,000-10,000
pg/ml, between 5,000~ 15,000 pg/mL, between 5,000-20,000 pg/ml, between 3,000-25,000 pg/mL,
between 5,000-30,000 pg/mL granzyme B, between 5,000-75,000 pg/mbL granzyme B. In some
embodiments, the TIL composition produces 200 pg/mb, 500 pg/mb, 1,000 pg/mL., or 3,000 pg/mL

granzyme B. In some embodiments, the TIL composition produces 1,000 pg/mL granzyme B. In some
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embodiments, the TIL composition produces 3,000 pg/mL granzyme B. In some embodiments, the
TIL composition produces 5,000 pg/mL granzyme B. In some embodiments, the TIL composition
produces 10,000 pg/ml. granzyme B. In some embodiments, the TIL. composition produces 20,000
pg/ml. granzyme B. In some embodirpents, the TIL composition produces 25,000 pg/mL graszyme B,
In some embodiments, the TIL composition produces 50,000 pg/ml. granzyme B. In some
embodiments, the TIL composition produces 55,000 pg/ml granzyme B. Io some ersbodiments, the
T compaosition produces 75,000 pg/oll granzyroe B. To some embodiments, the TH. composition
prodoces 100,000 pg/ml granzyme B.

10147} In some embodinents, the provided TIL cornpositions display higher degranulation
TESPONSEs 1R & neoanugen reactivity assay, such as 10 in viire co-culture assay or an i viro
autologons tumor assay, than a bulk TIL composition. In some embodiments, among CDE+ T cells 1p
a provided TIL composition, greater than at or about 15%, greater than at or aboot 20%, greater than
at or about 30%, greater than at or about 40% or greater than at or about 50% exhibit degransiation in
an i vitro co-culture assay ¢.g., following coliure with autclogous APCs (e.g. DCs or B cells)
presenting neoantigen peptides. In some embodiments, degranulation activity can be measured by
D172 expression. In some embodiments, among CD8+ T cells in a provided TIL composition,
greater than at or about 15%, greater than at or about 20%, greater than at or about 30%, greater tha
at or about 40% or greater than at or about 50% cxpress CD{7z in an in viiro co-culture assay, e.g.,
following culture with antologous APCs (c.g. DCs or B cells) presenting ncoantigen peptides. In some

greater than at or about 0%

2

embodiments, among CD8+ T cells in a provided TiL composition
express CD1{7z in an in vilro co-culture assay, e.g., following culture with antologous APCs (e.g.
DCs or B celis) presenting neoantigen peptides. In some embodiments, among CD8+ Teellsina
provided T composition, greater than at or about 20% express CD107a inan s vitro co-culture
assay, e.g., following cultuxe with astologous APCs (e.g. DCs or B cells) presenting neoantigen
peptides. In some embodiments, among CDE&+ T cells 1n a provided TIL composition, greater than at
or abowt 25% express CD107a in an in vitro co-culture assay, e.g., following culture with autologous
APCs {e.g. DCs or B cells) presenting neoantigen peptides.

10148} In some embodiments, among TD4+ T cells in a provided TIL composition, greater than
at or about 15%, greater than at or about 20%, greater than at or about 30%, greater than at or about
40% or greater thau at or aboot 30% exhibit degranulation in an in vitro co-culdture assay, e.g.,
following culture with autologous APCs (e.g. DCs or B cells) presenting neoantigen peptides. In
some embodiments, degranulation activity can be measured by CD107a expression. In some
embodiments, among CD4+ T cells in a provided TIL composition, greater than at or about 15%,

fark

greater than at or about 20%, greater than at or about 30%, greater than at or about 40% or greater

than at or about 50% express CD107a in an in vitro co-culture assay, e.g., following cultare with
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autologous APCs {e.g. DCs or B cells) presenting neocantigen peptides. In some embodiments, among
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Ch4+ T cells in a provided TIL composition, greater than at or about 5% express CD107a in anin
vitro co~culture assay, e.g., following culture with autologous APCs {e.g. DCs or B cells) presenting
neoantigen pepiides. In some embodiments, among CD4+ T cells in a provided TIL composition,
greater than at or about 0% express CDi07a in an in vitro co-culture assay e.g., following culture
with autologous APCs {e.g. DCs or B cells) presenting neoantigen pepuides. In some embaodirsents,
among D8+ T cells 10 a provided TIL composition, greater than at or about 15% express CD107a in
an 18 viro co-culture assay, e.g., following colture with auntologous APCs (e.g. DCs or B cells)
presenting neoantigen peptides.

10149} In some embodiments, among TD8+ T cells in a provided TIL composition, greater than
at or about 15%, greater than at or about 20%, greater than at or about 30%, greater than at or about
40% or greater than at or about 30% cxhibit degranulation in an in vitro autoclogous twmor assay. In
some embodiments, degranulation activity can be measured by CD107a expression. In some
entbodiments, among CHs+ T cells in a provided TIL composition, greater than at or about 13%,
greater than at or abowt 20%, greater than at or about 30%, greater than at or about 40% or greater
than at or about 50% express CD107a in an in vitro astologous tumor assay. In some embodiments,
among CD8+ T cells in a provided TIL composition, greater than at or about 10% express CD107a in
an in vitro autologous tumor assay. In some embodiments, among CD8+ T cells in a provided TIL
composition, greater than at or about 20% express CD107a 1o an in vitro autologous tumor assay. In
some embodiments, anwong CDE+ T cells in a provided TIL composition, greater than at or about 25%
express CD107z in an in viiro autologous mmor assay.

[8150] In some embodiments, among CD4+ Teells in a pmvided TIL composition, greater than
at or about 15%, greater than af or about 20%, greater than at or about 30%, greater than at or about
407 or greater than at or about 30% exhibit degranmulation in an in vitro autclogous tmor assay. In
some erpbodiments, degramifation activity can be measured by CD107a expression. In some
embodiments, among ChR4+ T cells in a provided TIL composition, greater than at or about 13%,

greater than at or about 20%, greater than at or about 30%, greater than at or abowut 40% or greate

05 o
than at or abowt 50% express CD107a 1n an in vitro autologous tumor assay. In some embodiments,
among CD4+ T calls in a provided TIL composition, greater than at or about 5% express CDEJ7a in
an in vitro astologous tumor assay. In some embodiments, among CD4+ T cells in a provided TIL
composition, greater than at or about 10% express CR07a in an 1 viro autologous tomor assay. In
some embodiments, among CD8+ T cells in a provided TIL composition, greater than at or shout 15%
express CD107a i an in vitro avtologons tumor assay.

16151} In some ernbodiments, the TIL composition is characterized by killing tumor cells in an
in vitro autologous timor assay. In some embodiments, the TIL composition kills at least 30% of
tumor cells in an in vitro autologous tumor assay. In some embodiments, the TIL composition kills at

least 40% of tumor cells in an in vitro aatologous tumor assay. In some embodiments, the TIL
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composition Kills at least 50% of mmor cells in an in viro astologous tumor assay. In some
embodiments, the TIL composition kills at least 60% of tumor cells in an in viro aviologous tumor
assay. In some embodiments, the TIL composition kills at least 70% of tamor cels in an in vitro
autclogous tumor assay. In some embodiments, the TIL composition alls at least 20% of tumor cells
10 an in vitroe autologous tamor assay.

[0352] In certain embodiments, the mumber of such cells in the composition is a therapeutically
effective amounnt. An effective amount of cells can vary depending on the patient, as well as the type,
severity and extent of disease. Thus, a physician can deterraine what an effective amount 1s after
considering the health of the subject, the extent and severity of disease, and other variables. In some
entbodirents, the amount is an amount that reduces the severity, the daration and/or the symptoms
associated with cancer 10 an apimal. In some embodiments, a therapeutically effective amount is a
dose of cells that results in a reduction of the growth or spread of capcer by at least 2.5%, at least 5%,
at least 10%, at least 15%, at least 25%, at least 33%, at least 45%, at least S0%, at least 75%, at least
85%, by at lcast 90%, at least 95%, or at least 99% 1n a patient or an animal admimstered a
composition described herein relative to the growth or spread of cancer in a patient {or an animal) or a
group of patients {or animals) not administered the composition. In some embodiments, a
therapeutically effective amount is an amount to resull in cytotoxic activity resuliing in activity to
inhibit or reduce the growth of cancer cells.

[8153] In some embodiments, the TEL composition provided herein enriched in tumor reactive
cells comprises an amount of cells that is from at or about 1 and at or about 10'? cells. In some
embodiments, the TIL composition provided herein enriched in tumor reactive cells comprises an
amount of cells from at or about 10° to at or about 10 cells. In sone embodiments, the TiL
compasition provided hercin enriched in tumor reactive cells comprises an amount of cells from at or
about 1 and at or about 10, In soroe ernbodiments, the TIL composition provided herein enriched
in tumor reactive cells comprises an amount of cells from at or about 108 and at or about 10! cells. In
some ernbodiments, the TIL composition provided hercin enriched in tomor reactive cells comprises
an arnouat of cells from at or about 107 and at or about 10Y cells. In some embodiments, the TUL
composition provided herein enriched in tumor reactive cells comprises an amount of greater than or
greater than at or about 10° cells, greater than or greater than at or about 10° cells, greater than or
greater than at or about 17 cells, greater than or greater than at or about 10° cells, greater than or
greater than at or about 10° cells, greater than or greater than at or about10' cells, greater than or
greater than at or about 104! cells, or greater than or greater than at or about 10 cells. {n some
embodiments, such an amount can be administered to a subject having a disease or condition, such as
to a cancer patient.

{6154} In some embodiments, the volume of the composition is at least or at least about 10 mL,

30 mb, 100 mL, 200 mL, 300 mL, 400 mi or 500 mL, such as 18 from or from about 10 mL to 500
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mi, 10 mb. to 200 mal., 10 mL to 100 mL, 10 ol to 50 mi., 30 mL. to 500 mal., 530 mk to 200 mL, 50
mi to 100 ml, 100 ml to 500 mi, 100 mL to 200 ml or 200 mL to 500 k., each inclusive. In somne
embodiments, the composition has a cell density of at least or at least about 1 x 1 cells/mL, 5 x 1(°
cells/rol,, | x 10° cells/ral, 3 x 10% cells/rol,, | x 107 cells/ral,, 5 x 107 cells/roll or 1 x 10 cells/ md...
In some embodiment, the cell density of the coraposiiion is between or between about § x 10°
cellsfol o 1 x 0% cells/mL, | x 1P cells/mL to 1 x 1 cells/mi., 1 x 30" cellymL to { x 1°
cellsfol, |y 10%cells/ird. to 1 x 107 celis/md., 1 x H0° cells/mL to 1 x 10° cells/md., 1 x 10° cells/ml
1o 1 x 107 cells/mE or 1 x 107 cell/mL to 1 x 10° cells/mL, each inclusive.

10155} Among the composiions are phanmaceutical corapositions and formulations for
administration, such as for adoptive cell therapy.  In some embodiments, the cells are formulated with
a pharmacestically acceptable camier.

[0156] A pharmaceutically acceptable carrier caninchude all solvents, dispersion media,
coatings, antibacterial and antifongal agents, isotonic and absorption delaying agents, and the ke,
compatible with pharmaceutical administration (Genuaro, 2000, Remingtorn: The science and practice
of pharmacy, Lippincott, Williams & Wilkins, Philadelphia, PA). Examples of such carriers or
dituents inclade, but are not limited to, water, saline, Ringe™'s solutions, dextrose solotion, and 5%
homan serum albumin. Liposomes and non-agueous vehicles such as fixed oils may also be used.
Supplementary active compounds can alse be incorporated into the compositions. The pharmaceutical
carrier should be one that is suttable for cells, such "s a saline solution, a dextrose sofution or a
solution comprising buman serum albumin.

[8157] In some embodiments, the pharmaceutically acceptable carrier or vehicle for such
composifions is any non-ioxic aqueous solution in which the cells can be maintained, or remain
viable, for a time sufficient to allow administration of live cells. For example, the phanaacentically
acceptable carrier or vehicle can be a saline solution or buffered saline solution. The pharmaceutically
accepiable carrier or vehicle can also include various bio materials that may increase the efficiency of
cedls. Cell vehickes and carriers can, for example, wnchide polysacchandes such as methyleellulose (M.
C. Tate, D. A, Shear, S. W. Hoffman, D. G. Swein, M. C. LaPlaca, Blomaterials 22, 1113, 2001, which
is incorporated herein by reference  its entirety), chitosan (Seh J K F, Matthew HW
T. Biomaterials, 21, 2589, 2000; Lahiji A, Schrabi A, Hongerford 13 §, et al., J Biomed Mater Res, §E
586, 2000, cach of which 1s incorporated herein by reference in its entirety), N-isopropylacrylamide
copolymer PINIPAM-co-AA} (Y. H. Bae, B. Vernon, C. K. Han, 8. W. Kim, I. Control. Release 53,
249, 1998; H. Gappa, M. Baudys, §. J. Koh, 5. W. Kim, Y. H. Bae, Tissue Eng. 7, 35, 2001, each of
which is incorporated berein by reference in its entirety), as well as Poly{oxyethylene)poly{D,L-lactic
acid-co-glycolic acid) (B. Jeong, K. M. Lee, A. Gutowska, Y. H. An, Biomacromolecules 3, 865,
2002, which is incorporated herein by reference in its entivety), P(PF-co-EG) (Suggs L J, Mikos A

(3. Cell Trans, 8, 345, 1999, which is incorporated herein by reference in its entirety), PEO/PEG
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(Mann B K, Gobin A 5, Tsai AT, Schmedlen R H, West § L., Biomaterials, 22, 3045, 2001; Bryant S
I, Anseth K 5. Biomaterials, 22, 619, 2001, each of which is incorporated herein by reference in ifs
entirety), PVA (Chih-Ta Lee, Po-Han Kung and Yu-Der Lee, Carbohydrate Polymers, 61, 348, 2005,
which is incorporated herein by reference in its entirety), collagen (Lec C R, Grodzinsky A J, Specior
M., Biomaterials 22, 3145, 2001, which is incorporated herein by reforence 18 s entivety), alginate
(Bouhadir K H, Lee K Y, Alsherg B, Damm K L, Anderson K W, Mooney D I. Biotech Prog 17, 945,
2001; Sradsed O, Skjak-Braek G, Trends Biotech, 8, 71, 1990, cach of which s incorporated herein
by reference in its entivety).

[0158] In some embodiments, the composition, nchuding pharmacentical composition, is sterile.
In some embodiments, isolation or enntchment of the cells is carried out 1n a closed or stenle
environment, for example, to mimmize error, vser handling and/or contamination. In some
entbodiments, sterility may be readily accomplished, ¢.g., by filiration through sterife filtration
menbranes.

16159) Also provided herein are compositions that are suitable for eryopreserving the provided T
cells, mnchiding tamor-reactive T cells. In some embodiments, the composition comprises a
cryoprotectant. In some embodiments, the cryoprotectant is or comprises DMSGU andior glycerol. In
some embodiments, compositions formulated for eryopreservation can be stored at low temperatures,
such as ultra low temperatares, for example, storage with temperature ranges from -40 °C to -150 °C,
such as or about 80 °C £ 6.0°C.

[816{3] Also provided herein is a frozen composition containing any of the provided TIL
composiiions and a cryoprotectant.

[8161] In some embodiments, the cryopreserved cells are prepared for administration by
thawing. In some cases, the cells can be administered to a subject immediately after thawing. In such
an embodiment, the composition is ready-to-use without any further processing. In other cases, the
cells are further processed after thawing, such as by resuspension with a2 pharmaceutically acceptable
cagrier, incubation with an activating or stinmlating agent, or are activated washed and resuspended in

a pharmaceutically acceptable buffer prior to administration to a subject.

. EXVIVO METHODS OF PROBUCING TIL COMPOSITIONS ENRICHED IN
TUMOR-REACTIVE T CELLS

{8162} Various embodiments of the provided methods involve the ax vive expansion and
production of 2 T cell therapeutic composition, particuiarly for use in connection with treating cancer.
In some embodiments, the method of manufacturing tnvolves the growth and manipulation of patient
cells outside of the body.

{01631 In some embodiments, the provided methods for producing a TIL composition, such as

any described herein, include: providing dissociated tumor cells from a timor obtained from a donor
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subject, wherein the dissociated umor cells are a first population of T cells that comprise CD4d+ and
CD8+ T cells; culturing the first population of T cells with recombinant IL.-2 added at a conceniration
between 3000 TU/nd. and 6000 TU/mL., inclusive, for 14 to 28 days to produce a second population of
T cells; co-culturing the second population of T cells for 12 to 48 hours with antclogous antigen
preseniing cells (APCs) with recombinant 1L-2 added at a concentration of 100 I/l to 1000 TH/mL
to produce a third population of T cells, wherein the APCs are loaded with a pool of peptide
neoantigens from the tumor, wherein each peptide i3 13-40 armino acids 10 length and is loaded at 2
concentration of 100 ng/mi per peptide, and wherein the ratio of the second popuolation of T cells to
APCs 15 2:1 to 10:1; selecting cells from the third popudation of T cells that are surface positive for
134 and/or CB137 to produce a fourth population of T cells; and expanding twmor infiltrating
tymphocytes (TIs) by incubating the fourth popelation of T cells with irradiated uman peripheral
blood mononaclear cells (iIPBMCs) at a ratio of 100 to 500 iPBMC to cells of the fourth population of
T cells with recombinant 1L.-2 added at a concentration between 3000 [U/mE and 5000 {U/ml,
inclasive, and 10 to 50 ng/mL anti-CD3 antibody (OKT3) for 12 to 16 days to produce a therapeutic
composition of TiLs enriched in tumor reactive cells.

[8164] In some embodiments methods for producing a TIL composition may include ex vive co-
cultiire in which the second population of T cells are incubated with APCs, such as autologous APCs,
that have been exposed to or contacted with one or more peptides, e.g. synthetic peptides, under
conditions in which the APCs have been induced to present one or more peptides from a tumor-
associated antigen. In some embodiments, the population of T cells are autologous T cells from a
subject with a tmor and the source of syanthetic peptides are tumor antigenic peptides from 2 tumor
antigen of the same subject. In some embodiments, cells from the ex vive co-culture are 2 population
of cells (third population) that include tomor reactive T cells that recognize or are activated by a
peptide presented op an MHC of an APC in the culture. In sore ermsbodiments, cells frorm the ex vivo
co-culture represent a source of cells that are eariched for turaor reactive T cells.

[0165] In some cases, the tumor reactive T cells can be further eariched by separation or
selection of cells that express one C37, CD134 or D137 and €134 (also phrased “C134 andior
CD1377.

{8166} Tn particular crabodiments, a second expansion {also called “rapid expansion protocol” or
REP) is performed on T cells enriched or isolated from the co-cultare, such as after separation or
selection of tumor reactive T cells for cells that express or are surface positive for (D134 andior
CB137. The second expansion involves incubation to further stirmvalate T cells for expansion with
anti-CD3 anubody {e.g. OKT3), irradiated peripheral blood mononuciear cells ((IPRMCs), and
recombinant fL-2. The T cells are allowed to expand for a certain number of days as desired and/or
until a therapeutic dose or harvest dose is met. The composition of expanded T cells can then be

harvested and formulated for administration o a subject for treatment of a cancer in the subject.
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16367} iIn particular embodiments, the mcubation or culture of T cells also is carried out with
nutrient containing media so that the cells can survive outside of the body. In embodiments of the
provided methods, one or more of the steps can be carried out in serum-containing media, such as
media containing human AB serum.  In embodiments of the provided methods, one or more of the
steps can be carried out in seram-free media. In one embodiment, the serum free medium is
OpTmizer CTS (LifeTech), Immunocuit XF (Stemeell technologies), CellGro (CeliGenix), TexMacs
{Miltenvi), Stembine (Sigma), Xvivel5 (Lonza}, PrireeXV (Irvine Scientific), or Stem xVivo (RandD
systeras). The serum-free medivr can be supplemented with a serum substitate such as ICSR
{immune cell serom replacement) from LifeTech. The level of serum substinute {e.g., ISR} can be,
e.g., Bp to 3%, e.g., about 1%, 2%, 3%, 4%, or §%. In some embodiments, the serum-free media
contains 0.5 mM to 5 mM of a dipeptide form of L-glotamine, such L-alanyl-L-glotanne
{Glotamax™). In some embodiments, the concentration of the dipeptide form of L-glutamine, such as
L-alanyl-L-ghstamine, is from or from about 0.5 mM to 5 aM, 0.5 oM to 4 mM, 0.5 mM 1o 3 oM,
OSmMiwo2mM, 05 mMtol mM, I mMio 5 oM, I mMiod mM, | mM o3 mdM, I mM 02 mM,
2mMioS5mM, 2mM o4 M, 2 mM o 3 mM, 3mM to 5 mM, 3 mM to 4 mM or 4 mM to 5 mM,
each inclusive. In some embodiments, the concentration of the dipeptide form of L-glutamine, such

as L-alanyl-L-glutamine, is or is about 2 mM.
A. Neoantigen identification and peptide generation

[8168] The provided methods include a step of generating or identifying in silico a plurality of
peptides (also referred to as “P” or “n-mers”) that contain at least one cancer-specific cancer
neoantigen. In some embodiments, at least one synthetic peptide 1s prepared using sequence
information from all or a subset of neoantigen sequences, and the synthetic peptide is then
employed 1n methods to enrich for mmor-reactive T celis 1n accord with the provided methods.

[8169] In some embodiments, the cancer-specific cancer neoepitope is determined by identifying
or isolating a tumor-associated antigen or peptide sequence thereof from a cancer cell from a subject.
The cancer cell may he ohtained from any bodily sample derived from a patient which contaias or is
expected to contain tamor or cancer celis. The bodily sample may be any tissue sample such as blood,
a tissue sample obtained from the primary tumor or from temor metastases, a ymph node samiple or
any other sample containing turmor or cancer cells.

[0176] Tu somee embodiments, the tamor is a hematological tumor. Non- Bmiting examples of
hematological tumors inclode leukenmias, inchuding acute leskerias (such as 1 g23- posttive acute
lenkemia, acute lymphocytic leskema, acute myelocytic leukensa, acute myelogenous leukemia and
mveloblastic, promyelocytic, myelomonocytic, monocytic and erythroleukemsa), chromc leukemias
{such as chronic myelocytic (gramulocytic) levkernia, chronic myelogenous leokenma, and chronic

ymphoeytic leukenta}, polyveythemia vera, lymphoma, Hodglan’s disease, non-Hodgkin’s lymphoma
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(indolent and high grade forms), multiple myeloma, Waldenstron's macroglobulinemia, heavy chain
disease, myelodysplastic syndrome, hairy cell leukenua and myelodysplasia.

[8171] In some embodiments, the tmor is a solid tumor. Non-limiting examples of solid mors,
such as sarcomas and carcinomas, inclade fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, and other sarcomas, synovioma, mesothelioma, Ewin's tumor,
Ieiomyosarcoma, thabdomyosarcoma, colon carcinoma, Ivraphoid malignancy, pancreatic cancer,
breast cancer (1ncluding hasal breast carcinoma, ductal carcinoraa and lobular breast carcinoma), hung
cancars, ovanan cancer, prostate cancer, hepatoceliular carcinoma, squamous cell carcinoma, basal
cell carcinoma, adenocarcioma, sweat gland carcinorna, medullary thyroid carcinoma, papillary
thyroid carcinoma, pheochromocytomas sebaceous gland carcinoma, papitlary carcinoma, papiliary
adenocarcinomas, medollary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma,
bile duct carcinoma, choriccarcinoma, Wil tamor, cervical cancer, testicular tumor, seminoma,
bladder carcinoma, and CNS tumors (such as a ghoma, astrocytoma, medolloblastora,
craniopharyngioma, ependymoina, pinealoma, hemangioblastoma, acoustic peoroma,
oligodendrogliona, meningioma, melanoma, newroblastoma and retinoblastoma). In several
examples, a tumor 1s melanoma, lung cancer, lymphoma breast cancer or colon cancer.

{8172} In some embodiments, the termor is from a patient with a cancer, including, but not
lmited to, ovarian, valva, endometrial, wothelial, breast, colorectal, tung, renal, and skin (including
but not limited to melanoma). In some embodiments, the tumor is from a patient with an ovarian
cancer. In some embodiments, the tamor 1s from a patient with cancer of the vulvar. In some
embodiments, the twmor is from a patient with an endomeirial cancer. In some embodiments, the
tamor 15 from a patient with a urothelial cancer. Tn some embodiments, the tumor is from a patient
with 2 breast cancer. In some emnbodiments, the tumor 18 from a patient with a colorectal cancer. In
some erobodiments, the tumor 1s from a patient with a Jung cancer. To sore ernbodiments, the mmor
is from a patient with a renal cancer. In some embaodirsents, the fwmor is from a patient with
melanoma. In particolar embodiments, the tumor 18 from a patient to be treated as described 1 Section
.

[0173] Tu somee embodiments, the cancer is 3 gastrointestinal cancer involving a cancer of the
gastrointesanal tract (G tract), including cancers or the upper or lower digestive [ract, or an accessory
organ of digestion, such as esophagus, stomach, biliary systemn, pancreas, small intestine, large
wtestine, rectum of anws, In some embodiments, the cancer is an esophageal cancer, stomach {gastric)
cancer, pancreatic cancer, liver cancer (hepatocellular carcinoma), gallbladder cancer, cancer of the
mucosa-assoctaled lvmphoid tissue (MALT Iyraphoma), cancer of the biliary tree, colorectal cancer
(inctuding colon cancer, rectum cancer or both), anal cancer, or a gastrointestinal carcinoid fimor.

10174} In particular embodiments, the cancer is a colorectal cancer.
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{0175]) In some embodiments, the tumor is from a breast cancer, such as a ductal carcinoma or a
lobular carcinoma. In some embodiments, the tumor is from a prostate cancer. In some embodiments,
tamor is from a skin cancer, such as a basal cell carcinoma, a squamous cell carcinoma, a Kapost's
sarcoma, or a melanoma. In some embodiments, the tumor is from a lung cancer, such as an
adenocarcinoma, a bronchiolaveolar carcinoma, a large cell carcinoma, or a smali cell carcinoma. In
some embodiments, the tamor is from a brain cancer, such as a glioblastoma or a meningioma. In
some erpbodiments, the temor 18 from a gastrointesiinal cancer, such as any descnibed above. In some
embodiments, the turnor is from a colon cancer. I some embodiments, the tumor is from a liver
‘ancer, such as a hepatocellular carcinoma. In some embodiments, the tumor is from a2 pancreatic
-ancer. In some erbodiments, the tumor 1s from a kidney cancer, such as a renal cell carcinorna. In
some embodiments, the tumor 1s from a testicular cancer,

[6176] Tn some erobodiments, the cancer is not a melanoraa. Melanoma is a cancer that
generally has a high mutational rate. High tumor mutation burden has been thought tobe a
particularly desired progaostic marker for success related to treatment with an irnmunotherapy
targeting tumor neoantigens (Simpson et al., Jonrnal of Clinical Oucology 2017, 35:15_suppl, 9567-
9567; McGranahan et al. Science 2016, 351:1463-1469) In some embodiments, the provided methods
can be used in cancers that have a lower tumor mutation burden, since the methods are carried out to
actively (as opposed to passively) enrich for mimor reactive T cells.

16377} In some embodiments, the subject has a tumor muotational burden of 5 (o 6000 mutations.
In some embodiments, the subject has a tamor mutational burden of 100 to 5500 mutations. In some
embodiments, the subject has a tumor mutations burden of about 100 mutations, 200 mutations, 300
mutations, 400 mutations, 500 mutations, 600 mutations, 700 mutations, 800 mutations, 900
mutations, 1000 mutations, 1500 mutations, 2000 mutations, 2500 mutations, 3000 mutations, 3500
mutations, 4000 mutations, 4500 mutations, 5000 mutations, 5500 mutations or any value between
any of the foregoing.

[6378] In some embodiments, the subject is a subject with a tumor nuitational burden (TMB) of
Iess than % rautations.

[63179] In some embodiments, TMB includes the number of non-synonymous routations per
tamor. In some embodiments, TMB can be calcuiated by counting the mzmber of synonymous and
ROM-SYROBYIMONs mstaiions across a 0.8~ 10 1 2-megabase (M region, and reportiag the resull as
rotatons/Mb, Insome embodiments, TMB can be determined by next generation sequencing (NGS)
on tunor tissue samaples. I some cases, whole exome sequeacing can be used or computaiional
germiline status Blicring can be used (Chaliners ot al. Genorse Med 2017 9:34), Insome
embodiments, the sobject bas 3 TMB of less than at or about 60 motations/Mb, sech as less than at or
about 55 motations/Mb, fess than at or about 30 routations/Mb, tess than at or about 45 mostations/Mb,

less than ai or about 40 mutations/Mb, less then at or abouot 30 motations/Mbs, fess than at or ahow 28
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routations per Mb, or less than ot or about 20 mutations/Mb, or any value between aoy of the
foregoing. in some embodiments, the subject has 2 TMB of less than at or abowt 41 nunations/Mb,
iess than at or about 40 muxtations/Mb, lese than at oy about 39 pwtations/Mb, less than at or abowr 38
mstations/ b, less than at or about 37 mutations/Mb or less.

[6388] In some embodiments, the peptide (P} 1s a tumor-associated antigen derived from
premalignant conditions, such as varants of carcinoma in sifu, or vulvar intracpithelial neoplasia,
cervical intracpithelial neoplasia, or vaginal intraepithelial neoplasia.

{0181} Tu some aspects, nucleic acid from such cells of the tumor or cancer is oblained and
sequenced. In embodiments, the protein-coding region of genes in a genome is ohtained, such as by
omics analysis, such as by analysis of whole genomic sequencing data, exome sequencing data, and/or
transcriptome data. To identfy twmor-spacific sequences, sequencing data can be compared o a
reference sequencing data, such as data obtained from a normal cell or noncancercns cell from the
same subject. In some embodiments, next-generation sequencing (NGS) methods are nsed.

[0182] In some embodinaents, the methods inclade a step of using matched normal omics data of
atomor. o soch methods, the in silice analysis involves anp omics analysis to identfy matations in
the tomor relative to normal tssoe of the same patient, such as non-discased tissue of the same
patient. It is generally conternplated that matched normal omics data are whole genomic sequencing
data, exome sequencing data, and/or transcriptome data, and that the matched normal omics data are
matched against normal before treatment of the patient. In a particular embodiment, whole exome
sequencing is performed on healthy and diseased tissue to identify somatic mutations associated with
the tumor.

[8183] In some embodiments, omics data are obtained from one or more patient biopsy samples
following standard tissue processing protocol and sequencing protocols. In particular embodiments,

the data are patient matched tumor data (e.g., timor versus same patient normal). In some cases, non-

matched or matched versus other reference {e.g., prior same patient normal or prior same patient

tamor, or homo statisticus) are also deemed suitable for use herein. The omics data may be fresh
omics data or omics data that were obtained fror a prior procedure {or even different patient). For
example, neoepitopes raay be ideniified from a patient toror in a first step by whole genome and/or
exoroe analysis of a tumor biopsy {or lymph biopsy or biopsy of a maetastatic site) and matched
aornal tissne (i.e., non-diseased tissue from the sarse pabent such as peripheral blood). In some
embodiments, genomic analysis can be processed via location-guided synchronous comparison of the
so obtained omics information.

[6184] The genomic analysis can be performed by any number of analytic methods. In paricular
embodiments, the methods include WGS (whole genome sequencing) and exome sequencing of both
tumor and matched normal sarnple using next generation sequencing such as massively paralled

sequencing methods, 1on torrent sequencing, pyrosequencing. Compotational analysis of the

4
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sequence data may be performed 10 numerous manners. In some embodiments, the data format is in
SAM, BAM, GAR, or VCF format. As an example, analysis can be performed in silice by location-
gmded synchronous alignment of mumor and normal samples as, for example, disclosed in US
2012/0059670A1 and US 2012/0066001 Al using BAM files and BAM servers. Alternative file
formats for sequence analysis {e.g., SAM, GAR, FASTA, etc.} are alse contemplated.

[0383] In some of any embodiments, peptides {P) comprising necantigens arising from a
missense mutation cncompass the aratne acid change encoded by 1 or more nmcleotide
polyvmorphisias. Peptides (P) comprising necantigens that arise from frameshift mutations, splice site
variants, insertions, inversions and deletions should encompass the novel peptide sequences and
junctions of novel peptide sequences. Peptides (P comprising neoantigens with novel post-
translational modifications should encompass the amino acids bearing the post-translatuonal
modification(s}, such as a phosphate or glycan

[0186] Once these mutations are identified, necepitopes are then ideniified. Neoepitopes are
mutant peptides that are recognized by a patient’s T cells. These neoepitopes must be presented by a
tumor or antigen presenting cell by the MHC complex and then be recognized by a TCR on the T cell.
In some embodiments, the provided methods inchude a step of calculation of one or more neoepitopes
to define neoepitopes that are specific to the tmor and pagent. Consequently, it should be recognized
that patient and cancer specific neoepitopes can be identified from omics information in an
exclusively in sifico environment that nitimately predicts potential epitopes that are smque to the
patient and fwmor type. Tn particular aspects, the so identified cancer neocpitopes are unigue o the
patient and the particular cancer in the patient (e.g., having a frequency of less than 0.1% of all
neocpitopes, and more typically less than 0.01% 10 a population of cancer patients diagnosed with the
same cancer), but that the so identified cascer neoepitopes have a high bkelihood of being presented
i a tunor,

[3187] Tn some of any embodiments, the length of the peptide (P) depends on the specific
apphcation and is typically between about 5 to about 50 amino acids. In particular embodiments,
neocpitopes will be calculated to have 2 length of between 2-30 amino acids, such as 13-40 amino
acids, for exaraple 25 amino acids (25mer). In preferred erobodiments, the peptide (P) is between
about 13 to 40 amino acids, e.g., 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25,26, 27, 28,29, 34,
21,32, 33, 34, 35, 36, 37, 28, 39 or 40 anino acids.

[0188] 1n some embodiments, the methods are carried ont with a pool of peptides. The pool of
peptides can inclode tens to hundreds of individoal peptides. The pool of peptides can inchude up
200 different pepudes contaming predicted mutations.  In some cases, the pool of peptides inchides 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190 or more individual peptides, or any valae between any of the

foregoing.
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[8189] The pool of peptides can represent one neo-antigen of can represent several neo-antigens.
In some cases, a pool of peptides can include multiple overlapping peptides of the same neo-antigen.
Thus, for 2 mmor-associated antigen, the antigen may be divided into 13 to 40 amino acid, c.g., 25
amino acid, peptides (P) wherein each peptide (P} contains 2 unique composition of amino acids; or,
the peptides (P) can be overlapping peptide pools wherein an antigen is divided into a set suniber of
13 to 40 amino acid, ¢.g., 25 amino acid, peptides (P) that have overlapping sequences. In some cases,
cach of the peptides of the overlapping pool of an antigen can be offset by a set murber of arine acid
residues, such as 5, 6,7, 8,9, 10, 11, 12, 13, 15 or 15 amino acads. In some embodiments, each of the
peptides of the overlapping pool of an antigen 1s offset by 10 amino acids. In some embodiments,
cach of the peptides of the overlapping pool of an antigen s offset by 12 amune acids. For example,
an overlapping peptide pool comprising a 100 amino acid antigen may be divided into eight 25 amino
acid peptides (P) that are cach offset by 12 amino acids (i.e., each subseguent 25 amino acid peptide
comprising a 100 amino acid peptide sequence starts at the 13% amino acid position from the prior
peptide). Those skilled in the art understand that many permotations exist for generating a peptide
pool from an antigen.

[6196] Various algorithms have been developed and can be used to map T cell epitopes (both
MHC Class I and Class H-restricted} within protein molecules of various origins. In some
embodiments, many programs utilize availability of the large-scale peptide-MHC binding affinity
matrix from experimental measurements to train machine learning (ML)-based classifiers to
distinguish MHC-binders from non-binders (see ¢.g., Zhao et al. (2018) pLoS Comput Biol 14(11):
c1006457). Exemplary predictor methods for MHC class T {e.g. 9-mer) include smm, smmpmbec, ann
(MNetMHC3.4), NetMHC4, PickPocket, consensus, NetMHCpan2.§, NetMHCpan3, NetMHCpan4,
MNetMHCcons, mheflurry, mbeflurry_pan, or MixMHCpred. Exemplary predictor methods for MHC
class H {e.g. 15-mer ) include NetMHCHpan, NetMHCT2.3, no_align, stua_align, consensus,
combiib, tepitope, or mhcflomry. Any of such methods can be used.

[0391] After the in silico identification of suitable neocepitope sequences, corresponding synthetic
peptides are then prepared in vitro {e.g. , using solid phase synthesis). In particular embodirents, a
library of synthetic peptides is preparad representing a plarality of different necepitopes from the
subject.

10192} Various methods can be used 1o prepare synthetic peptides. For example, peptides with
cancer necepitope sequences can be prepared on a sohid phase {e.g., using Merrified synthesis), via
fiquid phase synthesis, or from smaller peptide fragments. Peptide epitopes can be obtained by
chemical synthesis using a commercially available automated peptide synthesizer. In some
entbodirents, the pepudes can be synthesized, for example, by using the Fmoc-polyamide mode of
solid-phase peptide synthesis which is disclosed by Lu et al (1981).J. Org. Chem. 46,3433 and the

references therein. In some aspects, peptides can be produced by expression of a recombinant nucleic
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acid 1o a suitable host and with 2 suitable expression systen. In sonie aspects, recombinant methods
can be used where multiple neocpitopes are on a single peptide chain, such as with spacers between
neoepitopes or cleavage sites).

[8193] The peptides can be purified by any one, or a combination of technigues such as
recrystallization, size exclusion chromatography, ton-exchange chromatography, hvdrophobic
interaction chromatography, and reverse-phase high performance liquid chromatography using e.g.
acetonitrile/water gradient separation. In some embodiments, peptides can be precipitated and further
purified, for example by high performance ligod chromatography (HPLO). Analysis of peptides can
be carried out psing thin layer chromatography, electrophoresis, in particular capitiary electrophoresis,
solid phase extraction {CSPE}, reverse-phase high performance hquid chromatography, amino-acid
analysis after acid hydrolysis and by fast atom bombardment (FAB) mass spectrometric analysis, as

well as MALDI and ESE-(3-TOF mass spectrometric analysis.
B. Tumor Sample for First Expansion

18194} The provided methods include cbiaining and enriching or selecting a population of T cels
from a biclogical sample for use as a first population of T cells {also called input population). In
some cases, the first population of T cells is one that is known or likely to contain T cells reactive to &
tamor antigen or that are capable of being reactive {0 a fwmor antigen, such as following an ex vivo
co-culture with an autologous source of tumor antigen. For example, typically the first population of
T cells is from a biological samaple from a tumor or from a subject known or likely to have a umor.

In particular embodiments, the first population of T cells is further stimulated with one or more T cell
stimulatory agent(s) {e.g. one or more recombinant cyiokines, such as 1L-2) 1o produce a second or
stimulated population of T cells containing T cells that have expanded following the stimulation.

[6393] In some embodiments, the sample is a tumor sample and thereby provides a source of
tumor-infiltrating lymphocytes (TILs). In some aspects, Tils are T cells that have left the
bloodstream of a subject and migrated into or infilirated a tumor. In padicular aspects, TiLs are
reactive to a tumor antigen.

[0196] A patient tumor sample may be obtained by any of a variety of methods in which the
racthod obtains a sample that contains 2 mixtwre of tumor and TIHL cells.  In some embodimerns, the
turor sample is obtained by surgical resection. In some embodiraents, the turaor saraple is obtained
by acedle biopsy. In general, the tumor sample may be from any solid tomor, inchyding priraary
tamors, nvasive tumors or metastatic turmnors. The tumor sample may also be a liquid tumor, such as a
turmor obtained from a hernatological mahgnancy. Typically the tunor sample is from the same
patient as the tumor sarple nsed for necantigen identification as described above. In some
embodiments, the timor sample is the same tumor sarople as vsed for neoantigen dentification as

described above.
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{8197} In some embodiments, the tamor sample is from a solid tumor that may be of any cancer
type, including, but not Hmited to, ovarian, valva, endometrial, urothelial, breast, pancreatic, prostate,
colorectal, Tung, brain, renal, stomach (gastrointestinal), and skin (inclading but not limited to
squamaous cell carcinoma, basal cell carcinoma, and melanoma). In some embodiments, the tumor is
front a patient with a cancer, including, but not limited to, ovarian, valva, endometrial, urothelial,
breast, colorectal, lung, renal, and skin (including but not limited o melanoma). In some
embodiments, the turaor is from a patient with an ovarian cancer. In some embodiments, the tumor is
from a patient with cancer of the vulvar. In some embodiments, the tamor is from a patient with an
endometrial cancer. In some embodiments, the tumor is from a patient with a urothehal cancer. In
sorme ernbodiments, the tmor is from a patient with a breast cancer. In some embodiments, the tumor
is from a pagent with a colorectal cancer. In some embodiments, the tomor 18 from a patient with 2
fang cancer. In some embodiments, the tumor is from a patent with a renal cancer. In some
entbodirnents, the turnor is from a patient with melanoma. In particular embodiments, the tumor is
from a patient to be treated as descnbed in Section IIE

16198} In particular embodiments, a T cell population is one that includes both CD4+ and CD8+
T celis. Many cancers, including solid tamors, such as many common epithelial indications {e.g. GI},
express class 1 and class H restricted mutations. In order for a T cell product to target such
indications, ¢.g. common epithelial indications, it is contemplated that both CD8+ T cells to recognize
class | MHC-restricted niolecules and CD44 T cells to recognize Class IF MHC-restricted miolecules
are necessary.

[8199] The sample may be obtained from a variety of different subjects/patienis/hosts. Generally
such frosts are “mammals” or “mammalian,” where these terms are used broadly to describe
organisms which are within the class mammalia, including the orders carnivore {(e.g., dogs and cats),
rodentia (¢.g., mice, guinea pigs, and rats}, and primates (e.g., bumans, chimpanzees, and monkevs).
In many embodiments, the hosts will be humans.

[820608] In some aspects, the subject is a human. Accordingly, the cells in some emabodiments are
primary cells, e.g., prmary human cells. In some erobodiments, the sample is agtologous to a subject
to be treated, such as a subject who is a patient in need of a particular therapeutic intervention, such as
the adoptive cell therapy for which celis are being isolated, processed, and/or expanded in accord with
the provided methods. In some embodiments, the sample 15 allogenic to a sabject o be weated.

[8281] Tn provided embodiments, the obtained tumor sample is fragmented into small pieces of
between at or about 1 mny’ and at or aboui 8§ mud in size, such as between at or about | nuy’ and at or
about 3 rar’, between at or about | muy® and at or about 4 o, between at or about | marg® and ator
about 2 mn®. In some embhodiments, the turor fragment is from about -3 mm®. In some

embodiments, the tumor fragment is from about 1-3 mm®. o some embodiments, the tunor fragment
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is obtained by physical fragmentation, such as by dissection. In some embodiments, the fumor

fragment is obtained by sharp dissection.

10282] In some of any of the provided embodiments, the obtained twnor sample is fragmented
into sraali pieces of between at or about 1 mm and at or abowt 8 mm 1o diameter, such as between at or
about | num and at or about 6 mmin diarseter, between at or about | mm and at or about 4 mmin
diameter, between at or about | mim and at or about 2 mum in diameter. I some embodiments, the
tumor fragment is from abowt 3 mun in diameter. Iin some embodiroents, the tmor fragroeot is from
about 1-2 mun in diameter.  In sore erobodiments, the tumor fragment 1s obtained by physical
fragmentaton, such as by dissection. In some embodiments, the tumor fragment 1s obtained by sharp
dissection.

[0203] Tun somee embodiments, the thmor sample is cryopreserved prior to fragmentation. In
some embodiments, the timor fragments are cryopreserved.

[0204] 1n some embodiments, tomor fragments are used as a sonrce o prepare a single cell
suspension for use as an input populavon of T cells in the first expansion in the provided methods.

[0205] Tu somee embodiments, the provided methods involve obiaining cells from the tamor
fragments, such as by enzymatic digestion of tumor fragments to obtain TILs. Enzymatic digestion
can be carmed out vsing a collagenase, such as a type IV collagenase or a type VI collagenase. The
enzyme, such as a collagenase, can be present in media for the enzymatic digestion at a concentration
of from at or about I mg/ml. to at or abowt 5 mg/mL, such as at or about 1 mg/mL, at or about 2
nmig/mL, at or about 3 mg/mL, at or about 4 mg/mb or at or about S mg/mk, or any value between any
of the foregoing. The enzyme, such as a collagenase, can be present in media for the enzymatic
digestion at a concentration of from at or about 5 mg/mL to at or sbout 10 mg/mL, such as at or about
5 mg/mi., at or about 6 mg/ml, at or about 7 mg/ml, af or about § mg/mi., af or about 9 mg/ml., or
at or about 10 mg/mL, or any value between any of the foregoing. In some embodiments, the
concentration is about 5 mg/ml. In some embodiments, the concentration is 10 mg/mL. Insome

embodiments, the collagenase is a type 1V collagenase. In some embodiments, the collagenase is a

o«

type I collagenase. In some embaodirents, the enzymatic digeston 1s with a media that inchades
type IV collagenase, such as from at or about 1 mg/mL. fo at or about 5 yug/ml. Insome
embodirnents, the enzynatic digestion s with a media that includes type 1] collagenase, such as
from at or about 1 mg/mi. to at or about 5 mg/ml..

[02086] In some embodiments, enzymatic digesion can be camied out, in part, using a
hyalwronidase. Hyaluronidase is a hyaluronic acid-metabolizing enzyme, subsequently enhancing celt
raembrane perracability (Eikenes of al. Anticancer Research, 2010}, The enzyme, suchas a
hyahyronidase, can be present in media for the enzymatic digestion at a concentration of from at or
about 5 mg/ml to at or ahout 10 mg/mL, such as at or about S mg/ml, at or about 6 mg/mL, at oy

about 7 mg/mk., at or about 8 mg/mi. or at or ahout 8 mg/ml., at or about 10 mg/ml or any value
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between any of the foregoing. In some embodiments, the enzymatic digestion is with a media that
inchudes type 1 hvahwronidase, such as from at or about 5 mg/ml. to at or about 10 mg/mL. In some
embodiments, it a more gentle digestion is desired at or about 5 mg/ml. hyaluronidase is used. In
some embodiments, if a more complete digestion is desired a higher concendration of hyaluromdase is
used, such as at or about 1 rog/ml byaluronidase.

[82067] In some embodiments, dNase is also present in the media during enzymatic digestion.
dNase is an enzyme that degrades any free DNA released into the media as a result of the turaor
fragracnt digestion process. The enzyrae, such as a dNase 1, can be presentin media for the enzymatic
digestion at a concentration of from at or about 5,000 onits/miL to at or about 10,000 units/mL, such as
at or about 5,000 units/ral, at or abowt 5,000 vmits/ml, at or about 7,000 units/mL, at or about 3,060
units/ml or at or abowt 9,000 units/mi, at or about 183,000 units/ml. or any value between any of the
foregoing. In some embodiments, the enzymatic digestion is with a media that inclodes dNase {, soch
as from at or about 5,000 units/mi to at or about 10,000 units/mi..

[0208] In other embodiments, enzyrmes from the Miltenyi buman turnor dissociation kit can be
used (e.g. Cat. Q. 130-095-929; Milteny: Biotec). The enzymatic media contaimng the enzyme can
be a serum-free media, such as any as described. In particalar embodiments, enzymatic media
inclades collagenase, e.g., Roswell Park Memorial Institute (RPMI) 1640 buffer, 2 mM glutamate
(e.g. GlotaMAX), 10 mg/mbL gentamicin, 30 units/mL of dNase and 1.0 mg/mL of collagenase). In
some embodiments, enzymatic media includes a seram free media {e.g. OpTmizer) containing 2 mM
glutamate (e.g. GlutaMAX), 10 ug/ml. gentamicin, an immune cell serum replacement (c.g. CTS
Immune Cell Serum Replacement) and 1.0 mg/mi. to 5.0 mg/ol. of collagenase). In particufar
embodiments, enzymatic media includes hyaluronidase and/or collagenase, e.z., Roswell Park
Memorial Instivate (RPMID) 1640 buffer, 2 mM glutamate (e.g. GlutaMAX), 10 rag/ml gentaricin,
G000 units/ml. of dNase [, 10 mg/mL of collagenase and 10 mg/rol of hyaluromidase).

[0209] The uynor fragment is then mechanically dissected to dissociate the TlLs, e.g., using a
tissue dissociator. An example of a tissue dissociator is GentleMACs™ (Miltenyi Biotec) to
homogenize the tissue. Turnor digests may be produced by placing the toraor in eazymatic reedia and
nmechanically dissociating the twmor for approximately | mioute, followed by incubation for 30
raoutes at 37 °C in 5% Ch,, followed by repeated cycles of yuechanical dissociation and incubation
under the foregoing conditions ontil only small tissue pi@ces are present. In sore emnbodiments, timor
digests are subjected to homogenization and enzymatic digestion by incubation 1 the enzyroe cocktail
for 15 mamutes 1o 2 hours, such as for at or about 30 minutes to 60 mingtes. In some embodiments,
tumor digests are subjected to homogenization and enzymatic digestion by incubation m the enzyme
cocktail for about 60 minutes. At the end of this process, if the cell suspension contains a large
number of red biood cells or dead cells, a density gradient separation using FICOLL can be performed

to rernove these cells. In some embodiments, a single cell suspension is prepared following processing
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of the tumor fragments by straining the cells through a filter to remove debris, such as a 70 um
strainer. In some cases, separation can be achieved by centrifugation, in which case the cell pellet can
be resuspended and strained through a e.g. 70 wm strainer to remove debris. Alternative methods
known in the art may be used, such as those described in ULS. Patent Application Publication No.
2012/0244133 Al the disclosure of which is 1ncorporated by reference herein. Any of the foregoing
racthods raay be used in any of the embodiments described heretn for methods of obtaining TiLs for
use in the provided methods.

[0216] In some embodinaents, 3 single cell suspension for use as an input population comprises
from at or about 1 x 10° dissociated tumor cells to at or about 1000 x 10° dissoctated tymor cells, soch
as 1 x 10° to 300 x 106 dissociated tumor cells, T x 10° to 100 x 10° dissociated tumor cells, | x 10%10
50 x 10° dissociated wimor cells, 1 x 106 to 10 x 106 dissoctated tumor cells, 10 x 10° to 1000 x 10°
dissociated tumor cells, 10 x 10° 1o 100 x 10° dissociated tumor cells, 10 x 10° 10 500 x 10°
dissociated tumor cells, 10 x 10° 1o 50 x 10° dissociated tamor cells, 50 x 10°% to 1000 x 10°
dissociated tumor cells, 50 x 10° 1o 500 x 10° dissociated tumor cells, 50 x 10° 10 100 x 10°
dissociated tumor cells, 100 x 10° to 1000 x 10° dissociated tumor cells, 100 x 10° to 500 x 10°
dissociated tumor cells, or 300 % 10%to 1000 x 10° dissociated twmor cells. In some embodiments, a
single cell suspension for use as an input population of T cells comprises from at or about or at least at
or about 10 x 10° dissociated tumor celis , 20 x 10° dissociated tumor cells, 30 x 10° dissociated tumor
cells, 40 x 10° dissociated tunor cells, 30 x 10° dissociated tumor cells, 60 x 10° dissociated tumor
cells, 70 x 10° dissociated tunor cells, 80 x 10° dissociated tumor cells, 90 x 10° dissociated tumor
cells, or 100 x 10° dissociated rumor cells In some embodiments, a single cell suspension for use as
an input population of T cells cornprises from at or about 10 x 10° dissociated tumor cells 1o at or
about 100 x 10° dissociated tarnor cells.

[8211] In some embodiments, digested cells from the mmor fragroents are placed into culture
media under conditions and with appropriate nutnents to mediate T cell activation and/or sustain T
cell expansion, such as any of the conditons described below for stiraulation and pre-expansion of T
cells. In some embodiments, the T cell stirandation includes incubating the first population of T cells
generated or obtained above (e.g. dissociated turnor cellsy with one or more T cell stirmdatory agent(s}
{2.g. one or more recombinant cytokines, such as IL-2) to produce a second or stimulated population
of T cells containing T cells that have expanded following the stimolation. The cells are seeded at a
particular density suitable for the particular culture vessel. The cuolture vessel can be a microwell,
flask, wbe, bag or other closed system device. In some embodiments the cultare vessel 15 a closed
container that provides a gas-permeable surface area, such as a gas permeable flask. An exemplary
culture vessel that provides a gas-permeable surface area include G-Rex plates or flasks. For a G-Rex
&M (single welly or 10M vessel, it is ideal to inoculate with between 1x107 and 4x107 total cells. The

particular culture vessel can be chosen based on the number of cells available and/or the desired yield
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of cells. The choice of culture vessel (e.g. G-Rex) can be chosen by linearly scaling the mumber of
cells seeded to the surface area of the culture vessel,  In some entbodiments, the surface area of a
culture vessel is about 100 em? (e.g. G-Rex 100 M/100M-CS). In some embodiments, the surface
area of a culture vessel is about 500 cm? (e.g. G-Rex S00 M/500M-CS).

10212} In some of any of the provided embodiments, the biological sample is a tumor sourced
sample, and wherein: the mumber of cells at the initiation of the culiuring is between at or about ) x
10° and 100 x 10° total viable cells, 20 x 10° and 100 x 10° total viable cells, or 12 x 10° and 43 x 10°
total viable cells; or is at or about 10 x 10° total viable cells, at or about 12 x 10%total viable cells, 20
% 10%total viahle cells, 40 x 10° total viable cells, 60 x 10%total viable cells, or 100 x 10%total viahle
cells, , or any value between any of the foregoing.

[0213] Tu some embodiments, T1-2 is added to the cultore media for expansion. In some
embodiments, the culture media is a complete media. In some emabodiments, the colture mediais a
senum free media. In sorne embodiments, the colture media is a serum-free media containing
recorbinant fL-2.

10214} 1n some embodiments, recombinant [L-2 is present in the cell coluge mediom. IL-2 is a
cytokine that supports T cell recovery and proliferation. IL-2 also supports the homeostasis of T cells,
thereby sopporting their phenotype, differentiation stawss, and immbne mermory. In some cases,
induction of regulatory T cells in the tumeor microenvironment may lead to low bicavailability of IL-2.
Recombinant 1L-2 has been regularly used in broad expansion of T cells in various contexts.
Recombinant IL-2 is commercially available. In particular embodiments, recombinant 1L-2 158 GMP
grade {c.g. MACS GMP Recombinant Human IL-2, Milienyi Biotec).

{0215] In some embodiments, the recombinant Y.-2 is added 1o the culture medium at a
concentration hetween at or about 1000 TU/mL. at or about 8000 TU/ml., such as between at or about
1000 TU/mL and at or about 7000 IU/mL, between at or aboui 1000 IU/mL and at or about 6000
TU/ml., between at or about 1000 TU/ndl and at or about 5000 TU/ml., between at or about 1000
TU/ml. and at or about 4000 IU/mL., between at or about 1000 TU/mL. and at or about 2000 TU/mi.,
2000 TU/mL at or about 8000 TU/mL, between at or about 2000 TU/mL and at or about 7000 IU/mi,
between at or about 2000 I/md. and at or about 6000 TU/md, between at or about 2000 IH/md. and at
or about 5000 I/l between at or about 2000 I/l and at or about 4000 IU/mal, 4000 T/ mdL at
or abount 3000 Ik, between at or about 4000 I/l and 4t or about 7000 Ul between at or
about 4000 W/l and at or about 6000 IU/MmL, between at or about 4000 IU/MmL and at or about S000
HU/mb, between at or about 53000 IU/mL at or about 8000 1U/md, between at or about 5000 1U/mi
and at or abowut 7000 IU/ml, between at or about S000 IU/mL and at or abouot 6000 TU/ml, between at
or abowot 6000 I/mb at or about 3000 FU/mL, between at or about 6000 U/l and at or about 7000

HU/mb or between at or about 7000 TU/mb and at or about 8000 TU/mb. In some embodiments,
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recombinant FL-2 is present in an amount that is or is about 6000 IU/ml. In some embodiments,
recombinant FL-2 is present in an amount that is or is about 3000 U/ml.

[0216] In some embodiments, the incubation with the T cell stimulatory agent(s) is carded out
under conditions for imitial expansion of T cells front the biological sample. In some embodiments,
the cells are cultured at about 37 °C with about 5% COs.

{62171 In some embodiments, the incubation with the T cell stinwilatory agent(s) is camied out

-3
ot

for 7 to 28 days, such as 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days,
{6 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27
days, 2% days or any value betwaen any of the foregoing. In some embodiments, the incubation i1s
carried out for 7-28 days. In some embodiments, the incubation is carried oot for 7-14 days.

10218} In some embodinaents, the first population of T cells are cultured with recombinant TL-2
added at a concentration between 3000 TU/mL and 6000 TU/md, inclusive, for 14 10 28 days 1o
produce a second population of T cells. In some embodiments, the first population of T cells are
cultured with recombipant IL-2 added at & concentration of about 3000 FU/mL for 14 to 28 days to
produce a second population of T cells. In some embodiments, the first population of T cells are
cultured with recombinant 1L-2 added at a concentration of about 6000 IU/mL for 14 1o 28 days o
produce a second population of T cells. In some embodiments, the first population of T cells are
cultuired for about 14 days. In some embodiments, the first population of T cells are cudtured for about
15 days. In some embodiments, the first population of T cells are cultured for about 16 days. In some
embodiments, the first population of T cells are cultiwed for about 17 days. In some embodiments, the
first population of T cels are cultured for about 18 days. In some embodinents, the first population of
T cels are cultured for about 19 days. In some embodiments, the first population of T cells are
cultared for about 20 days. In some embodiments, the first population of T celis are cultured for about
21 days. In some embodiments, the first population of T cells are cultured for about 22 days. In some
embodiments, the first population of T cells are cultured for about 23 days. In some embodiments, the
first population of T cells are cuoltured for about 24 days. In some embodiments, the first populaton of
T cells are cultured for about 25 days. In sore crabodiments, the first population of T cells are
cultured for about 26 days. In sorae erabodiments, the first population of T cells are coltured for about
27 days. In some embodiments, the fiest popudation of T celis are cultured for about 28 days.

10219} In some cases, media can be exchanged daily, every other day, every third day, every 5%
day or once 2 week duning the time of the cultare or incubation. In some embodiments, the
recombinant IL-2 replenished (added) at cach media exchange. In some embodiments, aboot 3000
FUAnL recombinant IL-2 18 replemshed {added) at each media exchange. {n some embodiments, about
6000 WU/ mb recombinant H.-2 is replenished (added) at each media exchange.

[6228] The incubation, such as for initial expansion of T cells in the biclogical sample, can be

carnied out ander GMP conditions. In some embodirents, the icubation s 1n a closed system, which
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in some aspects may be a closed automated system. In some embodiments, the culture media
containing the T cell sumulatory agent{s) can be a serum-free media. In some embodiments, the
incubation is carried out in a closed automated system and with serum-free media.

{62211 In some embodiments, the initial expansion of cells under the one or more stimuiatory
conditions is in a culiure vessel suitable for cefl expansion. In some embodiments, the culture vessel
is a gas permeable culre vessel, such as a G-Rex sysiem {e.g. G-Rex 10, G-Rex 10M, G-Rex 100
M/IGOM-CS or G-Rex 500 M/300OM-CS). In some embodiments the culivre vessel is a microplate,
flask, bar or other culture vessel suitable for expansion of cells 1o a closed system. In some
entbodirents, expansion can be carried ot in a bioreactor. In some emsbodiments, the initial
expansion can be carned out psing a cell expansion system by transfer of the cells to gas permeable
bags, such as i copnection with a boreactor (e.g. Xurt Cell Expansion Systemn W25 (GE
Healthcare}). In an embodiment, the cell expansion system meludes a colonwe vessel, such as a bag,
¢.g. gas permeable cell bag, with @ volome that is about 50 ml, about 100 mb., abowt 200 mL, about
300 ml, abowt 400 mL, about SO0 mi., about 600 mL, abowt 700 mL, abowut 800 mi., abowut 800 mi,
about 1 L, about 2L, about 3L, abowt 4 L, about S L, about 6 L, about 7 L, about 8 L, about 9 L, and
about 10 L, or any valoe between any of the foregoing. In some embodiments, the process is
automated or semi-antomated. Examples of suitable bioreactors for the automated perfusion

expansion include, but are not limited to, GE Xurt W23, GE Xurt W5, Sart

56, Finesse SmartRocker Bioreactor Sysienss, and Pall XRS Bioreactor Systems, or Miltenyi Prodigy.
In some aspects, the expansion culture is carried out under static conditions. In some embodiments,
the expansion culture is camried out under rocking conditions. The medinm can be added in bolus or
can be added on a perfusion schedule. In some embodiments, the bioreactor raaintains the teraperature
at of near 37°C and CO2 fevels at or near 3% with a steady air flow at, at about, or at least 0.01 L/min,
0.08 Lirman, 0.1 L/min, 0.2 L/oun, 0.3 L, 0.4 Limae, 0.5 L/min, 1.0 L/min, 1.5 Linan, or 2.0
L/man or greater than 2.0 L/min. In certain emmbodiments, at least a portion of the cultuning is
performed with perfusion, such as with a rate of 290 ml/day, 580 mi/day, and/or 1160 ml/day.

[0222] 1n some embodinaents, the cells are seeded in ap appropriate culture vessel {e.g. gas
permeable bag) at a density of from 0.5 < 10° cells/mL to 1.5 x 10° cells/mL. Tn some emnbodiments,
the density is at or about 0.5 x 10° cells/mL, 0.75 x 10° cells/mL, 1 x 10° cells/mL, 1.25 x 10°
celis/mL or 1.5 x 1 cells/ml, or any value between any of the foregoing.

[6223) Tn some aspects, cells are expanded in an avtornated closed expansion system that is
perfusion enabled. Perfusions can continuowsly add media to the cells to ensure an optimal growth
rate 18 achieved.

10224} 1n some embodiments, the stimulated cells are collected and are cryofrozen. The
provision of an intermediate hold step by cryopreservation after the initial expansion phase can be

used to coordinate timing with the neoepitope identification and peptide generation, such as described
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in Section [.A and/or the generation of APCs as described in Section LC. In some embodiments, for
cryopreservation, the stimufated celis are formulated as a composition with a cryoprotectant. In some
embodiments, the cryoprotectant 1s or comprises BDMSO and/or s glycerol. In some embodiments,
compositions formulated for cryopreservation can be stored at low temperatures, such as ulira low
temperattires, for example, storage with teraperature ranges from -40 °C to -150 °C, such as or about
BOCx60°C,

[0225] 1n some embodiments, the cryopreserved cells are prepared for suhsequent steps by
thawing. In some cases, the cells can be ready for subsequent culturing with APCs and peptides
immediately after thawing following one or more wash steps.

[6226] The expansion methods can be carried owt under GMP conditions, imclading in a closed
attornated system and using serom free raediurn. In some embodiments, any one or more of the sieps
of the method can be carried oot 1n a closed system or under GMP conditions. In certain
embodiments, all process operations are performed in @ GMP suite. In some embodiments, a closed
system is osed for carrying out one or more of the other processing steps of a method for
mamufactoring, generating or prodocing a cell therapy. In some embodiments, one or more or all of
the processing steps, e.g., isolation, selection and/or enrichment, processing, culturing steps including
incubation in connection with expansion of the cells, and formulation steps is carried out using a
system, device, or apparatus in an integrated or self-contained system, and/or in an aatomated or
programmable fashion. In some aspects, the system or apparatus includes a computer and/or
computer program in communication with the system or apparatus, which allows a user to program,
control, assess the outcome of, and/or adjust various aspects of the processing, isolation, engineering,

and formulation steps.
C. Co-Culture with APCs

[8227] In embodiments of the provided methods, once the neoepitopes that encode for proteins
are synthesized to a phurality of the synthetic peptides, a pool of synihetic peptides are contacied with
antigen presenting colls under conditions to present peptides 1n the context of an MHC molecule.
Antigen presenting cells are usad to present these peptades. The peptide loaded APCs are then co-
cultured with T cells from the second population of T cells that were generated after intial expansion
{pre-expansion) with one or more stirmiatory agents of T cells. The loaded APCs {presenting
peptides) are incubated with T cells from the second population of pre-expansion T cells above for
recognition of the peptides presented on the APCs. T cells that recogmze these peptides on the
sarface of the APC can then be isolated or selected from the co-coluure, such as by methods described
below. In particular emaboduments, co~culiuring the second population of T cells i1s with astologous

antigen presenting cells (APCs).
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[6228] In some embodiments, of the provided methods the method can include co-culturing the T
cells with the APCs over the course of several hours to days and then separating antigen prosenting
cells from the population of T cells for the expansion of the T celis under conditions to enrich or
expand tumor-reactive T cells. In some embodiments, the separating can inchade isolating or
selecting reactive T cells from culture based on one or more T cell activation markers on T cells, such
as C1134 and/or CD137.

[6228] Various methods can be used for culturing cells for antigen-specificity, see e.g. US
published application No. US2017/0224800.

{0236} In some embodiments, the tumor reactive T cells are co-cultured with APCs that have
been contacted or exposed to present a peptide, .g. containing a mutated amino acid sequence, such
as neoepitope peptides as describad above. The method may comprise inducing autologons antigen
presenting cells {APCs) of the patient to present the mutated amino acid sequence. The APCs may
inchude any cells which present peptide fragments of proteins in association with major
histocompatibility complex {MHC) molecules on their cell surface. The MBC molecule can be any
MHC molecule expressed by the patient inclading, bt not Bmited to, MHC Class 1, MEHC Class [,
HLA-A HLAGB, HLA-C, HLA-DM, HLA-DO, HEA-DP, HLA-DQ, and HLA-DR molecules. The
APCs may inchude, for example, any one or more of macrophages, DCs, Langerhans cells, B-
Iymphocytes, and T-cells. In particular embodiments, the APCs are DCs. In some particular
embodiments, the APCs are B cells. In some embodiments, the APCs are artificial APCs.

{6231} In particular embodiments, the APCs include cells that are able to present Class T and
Class 1l restricted molecules. For example, B cells and DCs both have the ability to present MHC
class | and MHC class Il restricted molecules. In some embodiments, the APC cell sample includes B
cells and DCs. In some embodiments, the APC cell sample is enniched for B cells, such as by
sclection or isolation from a primary cell sample. In some embodiments, the APC cell sample is
enriched for DCs, such as by selection or isolation from a primary cell sample.

[6232] In some embodiments, the APCs express MHC class T and/or MHC class 1 molecules
with a matched HLLA from which the source of T cells has been obtained. In particular embodiments,
both the APCs and T cells have been isolated from the same subject, i.e., are autologous to the cancer
patient. In some embodiments, the method may comprise inducing autologous antigen presenting
cells (APCs) of the patient to present the mutated araino acid sequence. By using autclogous APCs
from the patient, the methods may ideotify T cells that have antigenic speaificity for a routated amino
acid sequence encoded by a cancar-specific mwtation that is preseanted in the context of ap MHC
raclecule expressed by the patent.

10233] In some embodinaents, the APCs are cells from a biood or apheresis sample from a
subject, such as the patient. In some embodiments, the APCs include cells present in a penipheral

blood monopuclear cell (PBMC) sample. Typically, APCs function in a PBMC cultore primarily
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involves monocytes and B cells. In some embodiments, 2 population of isolated PBMCs can be used
as APCs in the provided methods. PBMCs can be obtained using standard methods such as Ficoli-
Pague gradient separation. In some cases, the APCs are or include B cells that are isolated from the
blood or apheresis saraple or from a PBMC sample. In other cases, the APCs are or inchude
raonocyies isolated from the blood or apheresis sample or from a PBMC sample. In sorae aspects, the
raonocyics can be used as a source for preparing monocyte-derived DCs for use as APCs. Insome
embodiments, a source of monocyte-derived DCs (e.g. CDHCHSIMHCHMECTD 1497 cells) can be
generated ex vivo from isclated monocytes, by coltvre with GM-CSF and IL-4 for 4 to 6 days o
produce monooyte-derived dendritic cells. In particolar embodiments, the monocytes are 1solated
from PBMCs such as by CD14 selection, and then are cultured with GM-CSF and IL-4 for4 to 6
days.

10234} 1n some embodinaents, the APCs are primary cells (e.z. B cells or monocyte-derived DCs)
that are replication competent, for exarnple, the cells are not sehjected o irradiation, heat reatment or
other method that would result 1n their inactivation. In particular embodiments, the provided methods
do not use rradiated APCs. In some embodiments, the APCs are freshly isolated primary cells
obtained fron: the subject, or are derived fron: primary cells obtained from the sabject. In some
embodiments, the APCs have been cryopreserved and subsequently thawed prior to the co-culture
with the stimulated T cells in accord with provided methods.

{6235} In some embodiments, the APCs are from cells from a blood sample from a subject. In
some embodiments, the sample is a whole blood sample. In some embodiments, the sample is an
apheresis sample. In some particular embodiments, B cells are used as a source of APCs and are
generated from a paticnt apheresis, such as an apheresis autologous to the subject from which the
tumor fragments and/or T cells were obtained. In some embodiments, the B cells are expanded froma
saraple from the subject ex vivo. In some embodiments, the B cells are cultured for expansion with
additives that promote expaasion. In some cmbodiments, the B cell culture includes the addition of
H.-21, which 18 sorbe aspects can improve cell yield and/or viability of the expanded T cells. In some
embodiments, the addition of IL-21 can shorten the time period for expansion and iraprove the yvield
and/or viabilty of ex vive expanded B cells.

[0236] Inother pariicular embodiments, monocyte-derived dendritic cells are used as a source
of APCs and are generated from monocytes from a patient apheresis, such as an apheresis aotologous
to the subject from wihich the mumor fragment and/or T cells are obtained.

10237} In some embodiments, the isclated or generated APCs are collected and are cryofrozen.
The provision of an intermediate hold step by cryopreservation after the isolation or generation of
APCs can be nsed to coordinate tming with the neoepitope identification and peptide generation such
as described in Section LA and/or initial expansion of T cells, such as described in Section LB, In

some embodiments, for eryopreservation, the isolated or generated APCs are formmlated as &
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composiiion with a cryoprotectant. In some embodiments, the cryoprotectant is or comprises DMSO
and/or s glycerol. In some embodiments, compositions formaulated for cryopreservation can be stored
at Jow teraperatures, such as ultra low temperatures, for example, storage with temperature ranges
from -40 °C to -130 °C, such as or about O °C £ 6.0° C.

[8238] In some embodiments, the cryopreserved cells are prepared for subseguent steps by
thawing. In some cases, the cells can be ready for subsequent culturing with T cells and peptides
iraraediately after thawing following one or more wash steps.

[0239] Tu somee embodiments, the APCs {e.g. PBMCs, B cells or monoeyte-derived DCs) are
contacted with 2 pool of peptides. The pool of peptide can represent many different routated amino
acid sequences, such as §, 10, 20, 25, 30, 40, 58, 60, 70, 80, 90, 100, 150, 200, 300, 400, 500, 600,
700, 800, 900 or 100 peptides, or any vahie between any of the foregoing.

10246] The peptides or pool of peptides are loaded onto antigen presenting cells {e.g. dendritic
cells or B cellsy, such as by peptide pulsing, at a concentrations suitable for their presentation on the
sorface of a major bistocompatibility complex {(MHC).

[0241]  Insome embodiments, the peptide concentration representing an individoal or single
peptide in the pool of peptide s in a range between at or about 0.1 pgfml and at or about 1 pg/ml, or
at or about 1 pg/mL and at or about 10 gg/ml. In some embodiments, the concentration representing
an individual or single peptide can be at or abowt 8. 1 pg/ml., at or about 0. 28 pg/ml, at or abovt 0.5
ug/mb., at or about 1 uyg/mL, at or about 2.5 pg/mi. at or about 5 yg/mb., at or about M ug/ml, or
any valie between any of the foregoing.

10242} 1n an embodiment, inducing APCs (e.g. B cells or monooeyte-derived DCs) (o present the
mutated anuino acid sequence comprises introdocing a noclectide sequence encoding the nmitated
amino acid sequence into the APCs. The nucleotide sequence is introduced into the APCs so that the
APCs express and display the mutated amino acid sequence, bound to an MHC molecule, on the cell
membrane. The mucleotide sequence encoding the mutated amino acid may be RNA or DNA.
Introducing a nucleotide sequence into APCs may be carried out in any of a variety of different ways.
Nouo-limiting examaples of technigues that are useful for introducing a nucleotide sequence into APCs
inchide transformation, transduction, transfection, and clectroporation. In some cases, peptides for
binding MHC class 11 restricted molecules are presented as a gene encoding DNA of the mutation and
electroporated into the antigen presenting cell. This DNA will then be tn-vitro trapscribed into RNA
encoding peptides on the swrface for recognition by CDM+ cells. In some cases, Tandern Mint Gene
raethods can be employed o do this for MHC class T restricted molecules, see e.g. published PCT
Patent Application Number WO2016/053338 and Parkburst et al. (2016) Chin Cancer Res., 23:2491-
305. In an embodiment in which more than one gene 18 identified, the method may comprise
preparing more than one pucleotide sequence, cach encoding a mutated armne acid sequence encoded

by a differemt gene, and introducing each nucleotide sequence into a different population of APCs. In
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this regard, multiple populations of APCs, each population expressing and displaying a different
mutated amino acid sequence, may be obtained. For example, in the case where tanden minigenes are
used, APCs (e.g. B cells or monocyte-derived DCs} are electroporated with 2 mixiure of DNA
{plurality of DINA) encoding a different mutated amine acid sequences, which will then be in-vitro
transcribed into RNA encoding peptides for surface recognition by CD4+ T cells. Insome
embadiments, APCs (e.g. B celis or monocyte-derived DCs) are electroporated using the Lonza 4D
Nucleofector continuous electroporation system.

10243} The methods include adding T cells {e.g. from patient having a tamor) with the culture of
AP(Cs presenting the peptides and co-culturing the APCs and T cells for a period of dme (o allow
presentation and recognition of the peptide on the surface of APCs by one or more T cells 1n the
populaton. In provided embodiments, the T cells include a population of the stimnulated T cells.

[0244] Tu somee embodiments, for APCs are first contacted or incubated with pepiides 1o prepare
peptide-presenting APCs (also referred to as “loading” or “pulsing” with peptides). In some
embodiments, APCs (e.g. B cells or monocyte-derived DCs) are incubated with pepudes for between
at or about 2 hours and at or about 48 hours, such as between at or about 2 hours and at or abowt 36
hours, between at or about 2 hours and at or about 24 hours, between at or about 2 hours and at or
about 24 hours, between at or about 2 howurs and at or about 18 hours, between at or about 2 howrs and
at or about 12 hours, between at or about 2 howrs and at or about 6 houars, between at or about 6 howrs
and at or about 48 hours, between at or about 6 howurs and at or about 36 hours, between at or about 6
hours and at or about 24 bBours, between at or about 6 hours and at or about 24 howrs, between at or
about & howrs and at or about 18 hours, between at or about 6 hours and at or about 12 hours, between
at or about 12 hours and at or about 4% hours, between at or about 12 hours and at or about 36 howrs,
between at or about §2 hours and at or about 24 hours, between at or about 12 hours and at or abowt
18 howurs, between at or about 18 hours and at or about 48 hours, between at or about 12 hours and at
or abount 36 hours, between at or about 18 hours and at or about 24 hours, between at or about 24
hours and at or about 48 hours, between at or aboui 24 hours and at or about 36 hours, or between at
or about 36 hours and at or about 48 hours. In some embodiments, the APCs {e.g. Beellsor
monocyte-derived DCs) are incubated with peptides for at or about 4 hows, at or about 6 hours, at or
about 7 houors, at or about 8 hours, at or about 9 hours, at or about 10 howrs, at or abowt 12 hours, at or
about 14 howrs, at or aboust 16 hours, at or about 18 howrs, at or about 20 hoors, at or abowut 22 howss,
at or about 24 hours, or any value between any of the foregoing. In some embodiments, the APCs
{2.g. PBMCs, B celis or monocyte-derived DCs) are incobated with peptides overnight, such as for
befween at or about 8 to 12 hours. In some embodiments, the co-culture incubation is for at or about
& hours.

[0245] In some embodiments, the T cells {e.g. stimulated T cells) and APCs (e.g. B cells or

nmonocyte-derived DCs} can be present in a culture at a ratio of T cells to APC of 1:100 to 100:1, such
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as 1:50 10 30:1, 1:25t0 25:1, 1:10 to 10:1, or 1:5t0 5:1. In some embodiments, the ratio of T cells
(c.g. stinmlated T cells) to APC is at or about 1:100, at or about 1:530, at or about 1:23, at or about
1:10, at or about 1:5, at or about 1:2.5, at or about 1:1, at or about 2:5:1, at or about 5:1, at or about
{001, at or about 25:1, at or about 50:1 or at or about 100:1, or any value hetween any of the
foregoing. In some embodiments, the ratio of T cells {e.g. stironlated T cells) to APC is between 20:1
and 1:1, between 15:1 and 1:1, between 10:1 and 1:1, between 5:1 and 1:1, or between 2.5:1 and 1:1.
In some embodiments, the rato of T cells {c.g. stironlated T cells) to APC is between 1:20 and 111,
between 1:15 and 1:1, between 1:10 and 11, between 1:5 and 1:1, or between 1:225and 1:1. In
particular embodiments, coculture will be performed by mixing the T cells, e.g. population of
stimmilated T cells, and APC (e.g. B cells or monoeyte-derived BC) at approximately a 3:1 ratio. In
some embodiments, cocalture will be performed by mixing the T cells, e.g. popuolation of stimndated T
cells, and APC {e.g. B cells or monocyte-derived DC) at approximately a 1:1 ratio.

10246} 1n some embodiments, recombinant IL-2 s present in the cell coliure mediom. In some
embodiments, recombinant H.-2 1s added at a concentration of 100 [U/nk to 1000 IU/mL. In some
embodiments, recombinant H.-2 is added to the culture medium at a concentration between at or about
10 TU/mL and at or about 600 {U/mL, such as between at or about 10 IU/mL and at or about 400
UL, between at or about 10 IU/mL and at or about 200 IU/mL, between at or about 10 IU/ml. and
at or about 100 IU/mL, between at or about 10 IU/ml and at or about 30 TU/mL., between at or about
56 1U/mll and at or about 400 IU/mL., between at or about 50 TU/mL and at or about 200 [U/nL,
between at or about 50 Ik and at or about 100 TU/mL, between at or about 100 I1)/ml and at or
about 400 IU/mL, between at or about 100 TU/ml. and at or about 200 fU/ml, between at or about
200 Wil and at or about 400 TU/mL, between at or about 400 IU/mL and at or about 600 Wim. In
some erahodiments, recombinant IL-2 is present in an amount that is at or about 300 I/mL.

[6247] In some embodiments, the co-culiure of APCs and T cells can be incubated at a
ternperature suitable for the presentation of peptides on MHC and the activation of T cells in the
cultire, for example, at least about 25 degrees Celsins, generally at least about 30 degrees, and
geaerally at or about 37 degrees Celsius.

[0248] Tu some embodiments, the co-culture ncubation of peptide-presenting APCs and T cells
1s carried out for up to 96 hours. The co-culture incubation of peptide-presenting APC can be carriad
out for 12 hours to 96 hours, such as at or about 12 hours, at or about 16 hours, at or about 20 howrs,
at or about 24 hours, at or about 36 hours, at or about 48 hours, at or about 60 hours, at or about 72
hours, at or about 84 howrs or at or about 96 hours, or for a time between any of the foregoing. In
some embodiments, the co-culture is 1ncubated for 12 to 48 hours. In some embodiments, the co-
cultare is incubated for 24 to 48 hours. In particular embodiments, the co-culture is incubated for 20
to 24 howurs. In some embodiments, the co-culture 1s incubated for about 20 hours. In some

embodiments, the co-culture 1s incubated for about 24 hours.
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[6249] In some embodiments, the methods inchude co-culturing the second population of T cells
for about 12 to 48 hours with autologous antigen presenting cells (APCs) with recombinant {L.-2
added at a concentration of 100 I/mL to 1000 IU/mE. to produce a third population of T cells,
wherein the APCs are loaded with a pool of peptide ncoantigens from the tumor, wherein each peptide
15 13-40 amino acids in length and is loaded at 2 concentration of 100 ng/ml per peptide, and wherein
the ratio of the second population of T cells to APCs 1s about 2:1 to 10:1. In some embodiments, the
recombinant IL-2 is added at about 300 IU/ml.. In some emabodiments, the co-culture of T cells and
APCs s at a ratio of about 5:1 T cells to APCs and 1s carnied out for about 20 hours with IL-2 added
at abowt 300 IU/mL. In some embodiments, the co-cultire of T celis and APCs is at a ratio of about
5:1 T cells o APCs and is carried out for about 24 hours with recombinant [L-2 added at about 300
U/mb.. In some embodiments, the pool of peptide neoantigens includes op to 200 peptides, sach as
at least 100 peptides, 110 peptides, 120 peptides, 130 peptides, 140 peptides, 150 peptides, 160
peptides, 170 peptides, 180 peptides, 1980 peptides or 200 peptides, or any value between any of the
foregoing. In some embodiments, the pool of peptides mcludes about 190 peptides.

[0256] In some embodiments, at the end of the co-culturing tumor reactive T cells are separaled
from APCs present in the co-culture. In some embodiments, the separation can include methods that
select away or remove the APCs. In some embodiments, the separation can include methods that
positively select or retain the T cells present in the co-culowre. In some enibodiments, total T cells in
the co-culture can be selected. In particular embodiments, tumor reactive T cells or T cells that
express one or more upregulation marker, e.g. activation markers, associated with tumor-reactive T
cells can be selected. Exemplary methods for selection of tumor reactive T cells are described in

Section [LD.
B, Selection for Tumor Reactive T Cells

[8251] In embodiments of the provided methods, prior to the further expansion of T cells from
the co-culture, the methods involve enrichment or selection of twmor reactive T cells that are surface
pasitive for D134 (OX4G) and/or CD1237 (41BB). The selected cells surface positive for CDi34
and/or CD137 are a fourth population of cells 1o accord with provided methods. The selection of the
cells may be through antibody binding for CDH 34 andior CB 37 markers and subsequent enrichment
by flow cytometry, inclading by methods involving magnetic separaton or fhiorescence-actuvated celi
sorting {FACS). In particular embodiments, the methods involve selecting cells from the co-culture
{third population of cells) for cells that are sorface positive for CD134 and CD137 to produce a fourth
population of cells. In some embodiments, T cells selected from the co~coliure results 18 a population
of T cells enriched for CD3+ T cells, or CD4d+ cells and COE+ cells, that are positive for one of more
of such T cell activation marker CD134 and/or CD137, such as €134 and CB137. In some

embodiments, such cells inchude or are enriched for tumor-reactive T cells. For example, sach CD3+
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T cells, or CD4* and/or CDS™ populations, can be further sorted into sub-populations by the posiive
selection for CD134 and/or CD137 markers expressed or expressed to a relatively higher degree on
tamorreactive T cells. In particular embodiments, the selection of cells from the co-culture produces
a fourth population of celis that 1s an enriched population of celis for further culture under conditions
for expansion, such as described 1n Section ILE.

[6252] Methods of isolating, selecting and/or enriching for cells can be by any of a variety of
methods, such as by positive or pegative selection based methods. In some embodiments, methods
can inchide omunoaffinity-based selections. In some embodiments, the T cells can be enriched or
sorted a variety of ways incloding, but not limited to, magnetic bead separation, fhiorescent cell
sorting, and disposable closed cartridge based cell sorters. In particudar aspects, CD134 andfor
D137 can be vsed to select reactive cells wsing, but not Hmuted to, florescent antbodies,
nanoparticles or beads on cell selection equipment, but not Bmited to, the ChintMACS, Sony FX500
or the Tyto cell sorting systems (Miltenyi).

{62531 In some emnbodiments, the T cells can be enriched or sorted a variety of ways including,
but not Himted to, magnetic bead separation, fluorescent cell sorting, and disposable closed cartridge
based cell sorters. In particular aspects, one or more reagents specific to CD134 and/or CD137 can be
used including, but not fimited to, florescent antibodies, nanoparticles or beads on cell selection
equipment, but not limited to, the CliniMACS, Sony FX500 or the Tyto cell sorting systems
{(Miltenyi).

[8254] In certain embodiments, the sample is contacted with a binding agent, e.g., a detectably
labeled binding agent, that specifically hinds to the cell surface marker CD134 and/or CDI137. In
certain ernbodiments, the detectably labeled binding agent(s) are fluorescently labeled. In certain
embodiments, T cells labeled with binding agents specific to the cell surface marker are identified by
flow cviometry. In certain embodiments, the method further inchides separating any resultant T cells
labeled with the binding ageni(s) from other components of the sample fo produce a composition
enriched for T cells surface positive for the one or more cell surface marker. Cell selection sorting
equipiment can he used that has a sufficiently high-throughput to handle large volumes and cell
numbers. Non-liratting cell sorting equipment 1acludes, for example, Sony FX500 or the Tyto ccll
sorting systems (Miltenyi).

{8255} The incubation generally is carried out under conditions whereby the antibodies or
bnding partners, or raolecules, such as secondary antibodies or other reagents, which specifically
bind to soch antibodies or hinding partuers, which are attached to the magnetic particle or bead and/or
are detectably labeled, specifically bind to cell surface molecules if present on cells within the sample.
In some aspects, cells bound to the antibodies can be recovered or separated from non-hound cells in

the sample.
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[8256] In some aspects, the separation is carried out as aptomated separation of cells in a closed
and sterile systern. For example, components of such an automated sysient may include an integrated
microcomputer, fluorescent light source and separation unit, peristaltic pump, and various pinch

ralves. In some embodiments, the integrated computer controls all components of the instrument and
directs the system to perform repeated procedures in a standardized sequence.

{62571 In some embodiments, the antibodies that bind to the cell surface marker CD134 and
(137 are each coupled to a magnetic bead. In such embodiments, after incubation of cells with the
raagnetically labeled beads, the magnetic beads are removed or separated. In some embodiments, the
raagnetic separation unit includes a permanent magaet that is moveable and a holder for a selection

column. In some aspects, the separation is carried out using ClimMACS system (Miltenyi Biotic) or

any similar system known 1o the art. In certain embodiments, separation is carried ouf using a sy
equipped with a cell processing unit that permits axfomated washing and fractionation of cells by
centrifogation. In some embodiments, the automated separation, such as using the ClinMACS
system, uses antibody-coupled particles that are supplied in a stenile solotion. In some embodiments,
cells are Iabeled with detectable particles and then the cells are washed to remove excess particles.
After initiation of the separation program by the computer, the system automatically applies the cell
sample onto the separation colommn. Antibody-labelled cells are retained within the colomn, while
unlabeled cells are removed by a series of washing steps. In some embodiments, the cell populations
for use with the methods described herein are labeled and are retained in the column, and eluted from
the column after removal of the magnetic field, and are collected within a cell collection bag.

16258} in some embodiments, the antibodies or binding partners are fabeled with one or more
detectable marker, to facilitate separation for positive and/or negative sclection. For example,
separation may be based on binding to fluorescently labeled antibodies. In some examples, separation
of cells based on binding of antibodies or other binding pariners specific for one or more cell surface
markers are carried in a fhuidic streany, such as by fluorescence-activated cell sorting {(FACS),
wnchiding preparative scale (FACS) and/or microclectromechanical systems (MEMS) chips, e.g., in
corabination with a flow-cytoretic detection system.

[0259] In particular embodiments, selection of cells is carried out by flow cytometry-based cell
sorting. Compared to other methads, flow cytometry-based cell sorting has the advantage that cells
can he 1solated in a single step on the basis of multiple parameters for each cell, thereby achieving a
higher yield of cells and a higher purity that may not be possible with bead-based (e.g. magnetic bead-
based) separations. Further, mydtiparameter cell statmng and separation allows simultaneoos Iabeling
and identification and sorting of a plorality of antigens and characteristic fluorescent signals. Using
flow cytometry sorting, a single process can remove and 1solate specific populations based on a
complex cell sarface phenotype. Cell selection sorting equipment can be used that has a safficiently

high~throughput to handle large volumes and cell nombers.  Non-limsting cell sorting eqoipment
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includes, for example, Sony FX500 or the Tvto cell sorting systems {Miltenyi). For use in provided
methods, the flow cytometer instrament is GMP compliant. Method of cell sorting to achieve
multiparameter sorting for two or more cell surface markers {e.g. CD134 and CD137) can be camied
out using mmlticolor fluorophore reagents that are compatible. It is within the level of a skilled artisan
to choose appropriate flucrophores and reagents, such as by choosing a bright fluorophore and
choosing fluorophores that have munimal to no spectral ovedap. In some embodiments, the one or
raore fluorescent markers each individually comprise a flucrophore selected from the group consisting
of PE-Cy7, APC, AFT700, BY421, Aqua, and BV60S.

[0266] In some embodinents, the antibodies or binding partoers are labeled with one or more
detectable marker, to facilitate separation for positive and/or negative selection. For example,
separation may be based on binding to flucrescently labeled antibodies. In some examples, separation
of cells based on binding of antibodies or other binding partners specific for one or more cell surface
markers are carried 18 a fluidic stream, soch as by fhiorescence-acuvated cell sorting (FACS),
inchuding preparative scale (FACS) and/or nicroelectromechanical systems (MEMS) chips, e.g., in
combination with a flow-cytometric detection system. In some embodiments, a cell population
described herein 1s collected and enriched (or depleted) via flow cytometry. in which cells stained for
multiple cell surface markers (e.g., with a antibody-coupled fluorescent peptide) are carried in a
fluidic stream.

10261} In some embodiments, the cell staining involves incubation with an antibody or binding
partoer that specifically binds to such markers as described, which in some embodiments is followed
by washing steps and separation of cells having bound the antibody or binding pariner, from those
cells having not bound to the antibody or binding partner. In some aspects of such processes, a
volume of cells 1 mized with an amount of a desired staining reagent and incubated under conditions
for staining of the cells. In some embodirnents, the staining or labelling 1s carried out af a terperature
between (°C and 25°C, such as at or about 4°C. In some embaodirpents, the staining or fabelling is
carriad out for greater than 5 mumwates, typically greater than 15 minutes. In some erabodiments, the
staining or labeliing is carried out for between 15 rioutes and 6 bours, such as between 30 minutes
and 2 hours. In some embodiments, the staimng or labelling {s carried out for example, at or about 15
minotes, 30 minuvtes, | hoor, 1.5 hours, 2 howrs, 2.5 howrs, 3 hows, or any vahie between any of the
foregoing. In some embodiments, the labeling with the one or more staining reagents is carried out
simuitaneously. In some embodiments, one or more wash steps are carried out prior to introducing the
sample into the flow cytometer for apalysis.

16262} In some ernbodiments, the cell sample is prepared by suspending single cells at a density
of 1 x 10%t0 5 x 1 cells/ml in order o allow the cells o pass through the flow cytometer for reading.
In some embodiments, the density of cells for sorting is 5 x 10°cells/mL to 50 x 10° cells/mL, such as

at or about 20 x 10° cells/mL. In some embodiments, this concentration of cells is called the flnid

o
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sheath. In some embodiments, the fluid sheath influences the rate of flow sorting, which typically
progresses at around 2,000-20,000 cells {events) per second. The cell sample’s) fluid sheath is
typically made of a phosphate buffered saline solution, but other solutions are available as will be
known and understood by those skilled 1p the art.

[0263] In some embodiments, the flow cytometry sorting rate In some embodiments, the flow
cytometry sorting raie 1s from 2000 eveants/second to 10,000 eveni/second.. In some embodiments,
the flow cytometry sorting rate is about 2000 events/sacond, about 3000 events/second, about 4,000
events/second, about SO00 events/second, about 6000 evenis/second, about 7000 events/second, about
8000 events/second, about 9000 events/second, about 10000 events/second, about 13000
events/second, or about 20000 events per second, or any value between any of the foregoing.  In
some embodiments, the flow cytometry sorting rate is about 6,000 events/second.

[0264] In some embodiments, the sample is introduced into a flow cytoreter. The cell sample is
typically narrowed down o a single stream through a fhuidics system with the application of hydro
pressore. This stream is then passed through the one or more beams of hight scattering or fhuorescence
emission. Lasers typically serves as the hight sowrce in {low cytometers. The laser prodoces a single
wavelength of light that once contacted with the cell sample produoces scattered light in the forward
direction as a measure of cell size, scattered light in the side divection as a measure of cell complexity,
and fluorescent light, also emiited in the side direction which is proportional to the relative amount of
a particular cell marker. Fioorescent channels are usually indicated by the designations FL1, FLZ,
FL3, etc., depending on the number of channels in the instrument. Each fluorescent channel is set with
barrier filters to detect a selected specific dyve while filtering out all others. The channel in which a
specific dye is predominanily detectable may be referred to as its primary fluorescent channel while
other fluorescent chaanels may he designated as secondary channels. Scattered and fhuorescent
emitied light signals are converted to clectronic pulses that are processed by the flow cytometry
engioe and displaved on a graphical user interface “GUL”

[8265] Moethods of analyzing floweytometric or FACS data can involve a “gating” for data to
separate spacific groups of cells. Different cell types can be wdentified by the scatier parameters and
the fluorescence emissions resolong from Iabeling various cell proteins with dye-labeled antibodies as
described above. The identification of clusters and, thereby, populations can be carried out by
“gatng” of the cells. In some embodiments, gates corresponding to subsets of particles of wterest,
such as TIL expressing markers of neoantigen reactivity, are defined by users with the aid of software
operationally associated with the flow system as described above.

10266] In some embodiments, a gate may be a “threshold” gate, which is a gate for only one
optical parameter that defines an open region within the muludimensional space. In some
embodiments, “threshold” gating can been used for forward light scatter to remove high frequency

fow level signals cavsed by interference, such as debris in the samiple. In some embodiments,
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“window” gating is employed, e.g., by defining upper and lower bounds for signal values. In some
embodiments, gaiing is carged out on a 2D-plot of two parameters, such as side scaiter {(e.g., on
vertical axis) and a fluorescence signal (e.g., on horizontal axis).

[8267] In some embodiments, flow cytometry for a cell surface marker includes gating for an
“F-mimus one” (FMO) control. FMO gating includes separate portions of the same sample stained
with a panel of detectably labeled hinding agents that contains all the agents but one. The distribution
of the signal of the rernoved fluorophore can be vsed to define the posiuve threshold for the missing

Iabel as it is known that all cells are negative in the control. The position of all gates can be
determined using fleorescence miuns one (FMO) controls in which the antibody against the
investigated marker 1s substituted with an appropriate 1sotype control. In some embodiments, a gate
can be drawn vsing cells stained with the FMO cocktail around cells positive for CCDI37 and/or
D134, In some embodiments, staining with other Iabeled antibody reagents or scatter analysis can be
carried cut sequential gating to exclude other cell populations (e.g. APCs) andior to enrich for
fymphocytes {e.g. CD3+ or Chd+ and/or COE+ cells). In some embodiments, a viability dve also can
be added. An exemplary viability dye is 7-ADD. In some embodiments, a gate can be drawn around
cells negative for 7-AAD (7T-AAD ).

[6268] In some embodiments, the cells are sorted into a single population of cells and collected.
The selected population of cells is referred to as the fourth populaton of cells and 1s used as nput for
expansion, sach as described in Section [LE.

[826%] The separation need not result in 100 % enrichment or removal of a partcular cell
population or cclls expressing a particuiar marker. For example, positive selection of or enrichment
for cells of a particular type, such as those expressing a marker, refers to increasing the sumber or
percentage of such cells, but need not result in a complete absence of cells not expressing the marker.

{6270} In some embodiments, the selections produces an enriched popalation of cells, such as 2
population of cells enriched for CD3+ T cells or CD4+ cells and CD8+ celis, that are further positive
for C134 and/or CD137. In some embodiments, such cells include or are enriched for tumor-reactive
T cells or T cells assoctated with tumor-reactive T cells. Tn some embodiments, the eariched
population of cells is used in subsequent processing steps, such as subsequent processing steps
nvaiving ncubation, stwlation or activation, and/or expansion in accord with one or more steps of
any of the provided methods.

[0271] In some embodiments, the enriched population of cells are enriched cells from a starting
sample as describe above, in which the percentage of cells of a particalar phenotype, e.g. twmor-
reactive CD3+ T cells or O3+ T cells surface positive for CD134 and/or CD137, inthe enviched
population of cells in increased by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 10
500%, 1000%, S000% or more greater than the percentage of sach cels in the starting sample. In

some embodiments, the purity of tumor-reactive CD3+ T cells or CD3+ T cells surface positive for

70



WO 2024/098041 PCT/US2023/078751

CD134 andfor CD137 in the enriched composition, t.e. the percentage of cells positive for the selecied
cell surface marker versus total cells in the population of enriched cells, is at least 90%, 91%, 92%,

3%, 949, and is generally at least 95%, 96%, 97%, 98%, 99% or greater.
K. Further Expancion and Harvesting

[6272] In some embodiments, the selected T cells from the co-culture (e.g. fourth population of
celle) are further incubated under conditions o expand the cells ex vive following the co-culiure. The
1acubation is carried out 1n the presence of one or raore T cell stimulatory agent(s) uader conditions
for stimulating the T cells, such as to expand the T cells. In some embodinments, the incubation is a
rapid expansion protocol (REP).

10273] In some of any of the provided embodimenis, the T cell sthaulatory agent{s) is selected
from an agent that iottiates TCR/CD3 intracelhalar signaling and/or an agent that initiates signabing
vig a costimulatory receptor. An anti-CD3 antibody can include any antibody directed agatnst or that
can specifically bind the CD3 receptor on the surface of T cells, typically human CD3 on uman T
cells. Anti-CD3 antibodies include OKT3, also known as moromonab. Anii-CD3 antibodies also
inchide the UHCTI clone, also known as T3 and CB3E. Other anti-CD3 antibodies include, for
example, otelixizumab, teplizumab, and visilizumab. The anti-CD3 antibody can be added as a
soluble reagent or bound to a bead. In particular embodiments, the anti-CD3 antibody is soluble. In
some of any of the provided embodiments, the agent that initiates TCR/CD3 intracellufar signaling is
an anti-CD3 antibody, such as OKT3.

{6274} In particular embodiments, the T cell sumulatory agent(s) include an anti-CD3 antibody,
which is added to the cell culture medinm during the incubation. In some embodiments, the anti-CD3
antibody 1s added at a concentration ranging between at or about .1 ng/mi. and 50 ng/ml, such
between at or about .5 ng/mi. and at or about 30 ng/ml., between ai or about .5 ng/ml. and at or
about 30 ng/mL, between at or about (1.5 ng/mil. and at or about 15 ng/mL., between af or about (L5
ng/mi and at or about 5 ng/mi., between at or about 0.5 ng/ml. and at or about | ng/mi., between a
or about 1 ng/ml. and at or about 30 ngfrol., between at or about | agfrel and at or about 30 ng/ml.,
between at or about | ng/ml. and at or about 15 ng/ml., between at or about 1 ng/ml. and at or about 5
ng/ml, between at or abowt 5 g/l and at or about S0 ng/ml, between at or about 5 ng/md. and at or
about 30 ng/ml., between at or about 5 ng/ml and at or about 15 ng/rol., between at or about 15
ng/ml and at or S0 ng/md., between at or about 15 ng/ml and at or about 30 ng/mL or between at or
about 30 ng/ml. and at or about 50 ng/mL, each inclosive. In an embodiment, the anti-CD3 is added
to the cell culture medivm at about 0.1 ng/ml, about 0.5 ng/ml, about ¥ ng/ml, about 2.5 ng/ml,,
about § ng/mi, about 7.3 ng/mi., about 10 ng/ml., about 15 ng/ml., about 20 ng/ml., about 25 ng/mi.,

about 30 ng/ml, about 35 ng/mL, sbout 40 ng/mL, about 50 ng/ml.. In some embodiments, the anti-
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(D3 antibody is added at a concentration of about 30 ng/ml.. In particolar embodiments, the anti-
CB3 antibedy 1s OKT3.

[8275] In some embodiments, the T cefl stimulatory agent can include adding the ant-CD3
antibody and additionally include adding to the population of T cells feeder cells, such as non-
dividing peripheral blood mononuciear cells (PBMCO). In some aspects, the PBMCs provide a CD28-
mediated signal to provide a costimmulatory signal to the T cells. In some aspects, the non-dividing
feeder cells can be irradiated PBMC feeder cells. In some embodiments, the PBMC are rradiated
with garoroa rays in the range of about 3000 to 3600 rads to preveat cell division. I some
entbodiments, the non-dividing PBMUCs, soch as wrradiated PBMCs, are added at a ratio of PBMCs to
T cells that 15 between 100:1 to 508:1. In some embodiments, the non-dividing PBMCs, such as
gradiated PBMCs, are added at a ratio of PBMCs to T celis that 15 100:1, 13001, 200:1, 23011, 300:1,
350:1, 400:1, 450:1 or 500:1, or any value between any of the foregoing. In some embodiments, the
non-dividing PBMCs, such as irradiated PBMCs, are added at a ratic of PBMCs 1o T cells that is
about 200:1.

16276} In general, the culturing and incobations can ocour i the presence of recombinant 1L-2.
In some embodiments, recombinant [L-2 ¢ added or 1s exogenous to the calire media. In some
embodiments, the recombinant 1L-2 is added to the culture medivm at a concentration between at or
about 1000 IU/mL at or about 8000 /ml, such as between at or about 1000 FU/mL and at or abowt
7000 1U/ml, between at or about 1000 IU/mi and at or about 6000 IU/mL, between at or about 1000
TU/ml. and at or about 5000 IU/mL., between at or about 1000 TU/mL. and at or about 4000 TU/mi.,
between at or about 1000 IL/mL and at or about 2000 TU/md, 2000 TUMmL at or about 8000 IU/mL,
between at or about 2000 IL/mL and at or about 7000 11U/, between at or about 2000 I1/ml. and at
or abount 6000 I/, between at or about 2000 I/ and at or about 5000 Ul between at or
about 2000 IU/mL and at or about 4000 IUAnL, 4000 TU/md. at or about 23000 IU/ml., between at or
about 4000 W/l and at or about 7000 IU/MmL, between at or about 4000 IU/mL and at or about 6000
HJ/ml., between at or about 4000 TU/od. and at or about 5000 11U/ /mL., between at or about 3000
TU/ml. at or about 8000 TU/mlL, between at or about 3000 TU/mL and at or about 7000 TU/d,
between at or about 3000 IU/mL and at or about 6000 IU/mi, between at or about 6000 IN/ml at or
about 8000 [U/ml, between at or about 6000 FU/mb and at or about 7000 IU/mL or between at or
about 7000 UL and at or about 3000 IW/nl. In some embodiments, recorpbinant IL-2 1s present
in an amount that is or is about 6000 IU/mL.

16277} In some embodiments, the sefected cells from the co-culture (e.g. fourth population of
cells) are expanded by culowe of the T cells with rradiated PBMCs added at a ratio of 20(:1 :PBMC
to TIL, with 6000 IU/mL haman recombinant 1L-2 and 30 ng/mb. anti-CD3 antibody (OKT3).

10278] The sorted or selected T cells can be expanded under the one or more stimalatory

conditions in a culture vessel soitable for cell expansion. In some embodiments, the culture vesselis a
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gas permeable culiure vessel, such as a G-Rex system (e.g. G-Rex 1), G-Rex 10M, G-Rex 100
M/AGOM-CS or G-Rex 560 M/SO0M-CR). In some embodiments the culture vessel is a micropiate,
flask, bar or other culture vessel smtable for expansion of cells in a closed system. In some
embadiments, expansion can be carried out 1n a hioreactor. In some embodiments the composition of
expanded T cells is removed from a closed systenm and placed in and/or connected to a bioreactor for
expansion. The sorted or selected T cells can be expanded using a cell expansion system by transfer
to the cell to gas permeable bags, such as in connaction with a bioreactor {e.g. Xuri Cell Expansion
System W25 (GE Healthewre)). In an embodiment, the cell expansion system inclodes a culture
vessel, such as a bag, e.g. gas permeable cell bag, with a vohume that is about 50 mL, about 100 L,
about 200 ok, about 200 ., about 400 mi, about 300 ml, about 600 k., about 700 mi, about 800
ml, about 900 ml, about 1 L, abowt 2L, about 3 L, about 4 L, sbout 5 L, about 6 L, about 7 L, about
& L, about 8 L, and about 10 L, or any value between any of the foregoing. In some embodiments, the
process is automated or senu-automated. Examples of suitable bioreactors for the automated
perfusion expansion inchude, but are not limited to, GE Xurt W25, GE Xurnt W35, Sartorius BioSTAT

RM 20

50, Finesse SmartRocker Bioreactor Systenss, and Pall XRS Bioreactor Systems, or Miltenyi
Prodigy. In some aspects, the expansion culture is carried out under static conditions. In some
embodiments, the expansion culture is carried out under rocking conditions. The medium can be
added in bolus or can be added on a perfusion schedule. In some embodiments, the bioreactor
maintains the temperature at or near 37°C and CO2 levels at or near 5% with a steady air flow at, at
about, or at least Q.01 Limin, G.05 L/min, 0.1 L/min, 0.2 L/min, 0.3 LAmin, 0.4 L/imin, 0.5 Limin, 1.0
L/min, 1.5 L/min, or 2.0 L/min or greater than 2.0 L/min. In certain embodiments, at least a portion
of the culturing 1s performed with perfusion, such as with a rate of 290 mil/day, 580 ml/day, andfor
1160 mi/day.

[6279) Tn some erabodiments, the cells are seeded in an appropriate culture vessel (e.g. gas
permeable hag) at a density of from 0.5 x 10° cells/mL to 1.5 x 10° cells/mL. In some embodiments,
the density is at or about 0.5 x 10° cells/mi., 0.75 x 10° cells/mL, 1 x 10% cells/mL, 1.25 x 1(0°
cells/mL or 1.5 x 10° cells/ml, or any value between any of the foregoing.

[02803] 1n some aspects, cells are expanded in an antomated closed expansion system that is
perfusion enabled. Perfusions can continuously add media to the cells to ensure an optimal growth
rate is achieved.

[0281] The expansion methods can be carried owt under GMP conditions, imclading in a closed
autorated systein and vsing serom free medrom. In some embodiments, any one or more of the steps
of the method can be carried oot 1n a closed systern or under GMP conditions.

10282] some embodiments, the incubation with the T cell stimdatory agent(s) for expansion of
tamor-reactive cells is carried out untif a threshold number of cells 15 achieved. In some

embodiments, the threshold number of cells 15 about 100-fold or more greater in number than the
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mumber of selected TiLs in the fourth population of T cells prior to the expansion. In some
embodiments, the threshold number of cell 1s a number of TILs that is greater than the number of
selected TlLs in the fourth population prior to the expansion by about 200-fold, 300-fold, 400-fold,
300-fold, 600-fold, 700-fold, 200-fold, 200-fold, 1000-fold, 1250-fold, 1500-fold or 2000-fold, or any
value between the foregoing.

10283] In some embodiments, the incubation with the T cell stimulatory agent(s) for expansion is
for 710 21 days, such as 7 days, 8 days, @ days, 10 days, 11 days, 12 days, 13 days, 14, days, 15 days,
16 days, 17 days, 18 days, 19 days, 20 days or 21 days, or any value between any of the foregowg. In
sorme ernbodiments, the incobation is carried out for 7-14 days. In some embodiments, the incubation
is for about 10 days. In some embodiments, the incobation is for about 11 days. In some
entbodirents, the meubation is for about 12 days. In some embodiments, the incubation is for about
13 days. In some embodiments, the incebation is for about 14 days. In some cases, media can be
exchanged daily, every other day, every third day, every 5" day or ouce a week during the time of the
culture or mncubation. In some erbodiments, the media exchange is at Day § and Day 10. In some
embodiments, the recombinant IL-2 1s replenished {added) at each media exchange. In some
embodiments, about 6000 IU/mL recombinant IL-2 13 replenished (added) at each media exchange.

{6284} In some of any of the provided embodiments, the culturing is carried out until a threshold
amount of cells is achieved that is between at or about (.5 x 10° and at or about 50 x 107 total cells or
total viable cells, between at or about 0.5 x 10% and at or about 30 x 10° wotal cells or total viable cells,
between (0.5 x 10° and at or about 12 x 107 total cells or toial viable cells, between at or about 0.5 x
108 and at or about 60 x 10° total cells or total viable celis, between at or about 0.5 x 10® and at or
about 15 x 108 total cells or total viable cells, between at or about 0.5 x 10° and at or about 8 x 10°
total cells or total viable cells, between at or about (.5 % 10® and at or about 3.5x 10%total cells or total
viable cells, between at or about 0.5 x 10° and at or about | x 10%total cells or wial viable cells,
between 1 x 108 and at or about 30 x 10 total cells or total viable cells, between at or about 1 x 108
and at or about 30 x 107 total cells or total viable cells, between 1 x 10° and at or about 12 x 107 1otal
cells or total viahle cells, between at or about 1 x 10° and at or about 60 x 10° woital cells or total viable
cells, between at or about 1 x 108 and at or about 15 x 10% total cells or total viable cells, between at or
about 1 x 10° and at or about 5 x 108 total cells or total viable cells, between at or about 1 x 107 and at
or about 3.5x 108 total cells or total viable cells, between at or about 3.3 x 10% and at or about 50 x 10°
total cells or total viable cells, between at or about 3.5 x 10% and at or about 30 x 10° total cells or total
viable celis, between at or about 3.5 x 10° and at or about 12 x 10° total cells or total viable cells,
between at or about 3.5 x 10° and at or about 60 x 10® total cells or total viable cells, between at or
about 3.5 x 10% and at or about 15 x 10% total cells or total viable cells, between at or about 3.5 x 10°
and at or about § x 10% total cells or total viable cells, between at or about 8 x 10° and at or about 50 x

1 total cells or total viable cells, between at or about 8 x 107 and at or about 30 x 107 total cells or
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total viable cells, between at or about § x 10° and at or about 12 x 107 toial cells or fotal viable cells,
between at or about § x 10° and at or about 60 x 10° total cefls or total viable cells, between at or
about & x 10° and at or about 15 x 10%total cells or total viable cells, between at or about 15 x 10° and
at or about 50 x 10° total cells or total viable cells, between at or about 15 x 10® and at or about 30 x
107 total cells or total viable cells, hetween at or about 15 x 10% and at or about 12 x 10 wiad cells or
total viable cells, between at or about 15 x 10° and at or about 60 x 10° total celis or total viabie cells,
between at or about 60 x 10° and at or about 50 x 10 total celis or total viable cells, between at or
about 60 x 10% and at or abount 30 x 107 total cells or total viable cells, between at or about 50 x 10°
and at or about 12 x 10° total cells or total viable cells, between at or about 12 x 10° and at or about
50 x 107 total cells or total viable cells, between at or about 12 x 107 and at or abowt 30 x 10° total
cells or total viable cells, or between at or about 30 x 10° and at or about 60 x 10 total cells or total
viable cells, each inclusive.

182853] In some of any of the provided embodiments, the method resplis in a fold-expansion of T
cells that is at least at or aboot 100-fold, at least at or about 250-fold, at least at or about 300-fold, at
feast at or about 1000-fold, or more compared to the number of cells in the fourth population of cells
before the expansion.

[6286] Upon reaching a therapeutic dose after expansion the product can be concentrated and
frozen in cryopreservation medinm. In some embodiments, the cryoprotectant is or comprises DMSQO
and/or s glycerol. In some embodiments, compositions formulated for cryopreservation can be stored
at low temperatures, such as ubtra low temperatures, for example, storage with temperature ranges
from -40 °C to -150 °C, such as or about 20 °C £ 6.0°C.

{02871 Also provided herein are populations of T cells produced by methods described herein
and phagnaceutical compositions thereof. The composition of cells are enriched 1n tumor-reactive T
cells. In some embodiments, the composition of cells is characterized by one or more features as

described i Section 1.
. METHODS OF TREATMENT AND THERAPEUTIC APPLICATION

[0288] Provided herein are compositions and roethods relating to the provided therapentic cell
compositions described herein for vse in treating diseases or conditions in a subject such as a cancer.
Such methods and uses nchide therapeutic methods and uses, for example, involving administration
of the therapentic cells, or compositions containing the same, o a subject baving a discase, condition,
or disorder. In some cases, the disease or disorder is a tumor or cancer. [n some embodiments, the
cells or pharmaceuntical compositon thereof 1s admimistered in an effective amwoont to effect treatment
of the discase or disorder. Uses mclude vses of the cells or pharmaceutical compositions thereof in

such methods and treatrpents, and 1n the preparation of a medicament in order to carry out sach
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therapeutic methods.  In some embodiments, the methods thereby treat the disease or condition or
disorder in the subject.

[0288] In some embodiments, the cell compositions provided berein are autologous to the subject
to be treated. In such embodiments, the starting cells for expansion are isolated directly from a
biological sample from the subject as described herein, in some cases inchiding with enrichment for T
cells sarface positive for one or more T cell activation marker as described, and cultured under
conditions for expansion as provided herein. In some aspects, the biological sample from the subject
is or includes a trmor or yraph node sample and such sample tomor and an amount of such tssue is
ohtained, such as by resection or hiopsy (e.g. core needle biopsy or fine-necdie aspiration). In some
entbodirents, following the cultoning vader conditions for expansion in accord with the provided
methods the cells are formulated and optionally cryopreserved for subsequent administration to the
same subject for treating the cancer.

[0290] Tu somee embodiments, the methods of treatment coraprise administering an effective
amount of a composition containing tumor reactive CD3+ T cells or CD3+ T cells surface, which may
inclode T cells suface positive for one or more activation marker. Such compositions can inclede
any as described herein, inchuding compositions produced by the provided methods.

[8291] in some embodiment, 3 subject {e.g. autologous) is administered from at or about 107 (o at
or about 102 CD3+ T cells produced by any of the provided methods, or from at or about 107 to at or
about 10° CD3+ T cells produced by any of the provide methods, or from at or about 10° and at or
about 107 CD3+ T ceils produced by any of the provided methods, or from at or about 10° and at or
abont 1! CD3+ T cells produced by any of the provided methods, or from at or about 16° and at or
abont 13" CD3+ T cells produced by any of the provided methods. In some embodiments, the
therapeutically effective amount for administration comprises greater than or greater than at or about
1P CD3+ T cells produced by any of the provided methods, at or about 10° CD3+ T cells produced
by any of the provided methods, at or about 107 CD3+ T cells produced by any of the provided
methods, at or about 108 CD3+ T cells produced by any of the provided methods, at or about 1(°
CE3+ T cells produced by any of the provided methods, at or about 10° CI¥3+ T cells produced by
any of the provided methods, at or about 10" CD3+ T cells produced by any of the provided methods,
or at or about 10 CD3+ T cells produced by any of the provided methods. In some embodiments,
such an amount can be admimsterad o a subject having a disease or condition, such as {o a cancer
patient. In some embodiments, the mumber of T cells are admumstered are viable T cells.

[0292] In some embodinaents, the methods of treatment comprise administering an effective
amount of a composition containing tumor reactive CD3+ T cells or CD3+ T cells surface positive for
one of more activation marker. Soch compositions can include any as described heretn, including
compositions produced by the provided methods. In some embodiment from at or about 1¢° to at or

about 10" tmor reactive CD3+ T cells or CD3+ T cells surface positive for one or more activation
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marker, such as any as described, or from at or about 1P to at or about 10 twmor reactive CD3+ T
cells or CD3+ T cells surface positive for one or more activation marker, or from at or about 10° and
at or about 10'* tumor reactive CD3+ T cells or CD3+ T cells surface positive for one or more
activation raarker, or from at or about 10% and at or about 10V fwrsor reactive CD3+ T cells or CD3+
T cells surface positive for one or more activation marker, or froma at or about 10° and at or about 107
turor reactive CD3+ T cells or T3+ T cells surface positive for one or more activation marker are
adramistered to the individual. In some embodimaents, the therapeuntically effective amoust for
administration comprises greater than or greater than at or about 107 tumer reactive CD3+ T cells or
CE3+ T cells surface positive for one or more activation marker, at or about 10° teror reactive CD3+
T cells or CD3+ T cells surface positive for one or more activation marker, ai or aboot 107 tumor
reactive CO3+ T cells or CO3+ T cells sprface positive for one or more activation marker, at or about
10® tamor reactive CD3+ T cells or CD3+ T celis surface positive for one or mote activation marker,
at or about 14° tumor reactive CD3+ T cells or CD3+ T celis surface positive for one or more
activation marker, at or about 10'° tumor reactive CD3+ T cells or CD3+ T celis surface positive for
one or more activation marker, at or about 10" tumor reactive CD3+ T cells or CD3+ T cells surface
pusitive for one or more activation marker, or at or about 10" tumor reactive CD3+ T cells or CD3+
T cells surface positive for one or more activation marker. In some embodiments, such an amount can
be administered to a subject having a disease or condition, such as to a cancer patient. In some
embodiments, the number of T cells are administered are viable T celis.

{62931 In some embodinments, the amount is administered as a flat dose. In other embodiuments,
the amnount is administered per kilogram body weight of the subject.

[8284] In some embodiments, the composition, such as produced by any of the provided methods
or containing tumor-reactive T cells or T cells surface positive for a T cell activation marker, are
administered o an individual soon after expansion according to the provided methods. In other
embodiments, the expanded T cells, such as expanded tumor-reactive T cells or T cells surface
pasitive for a T cell activation marker, are cryopreserved prior to administration, such as by methods
described above. For example, the T cells, such as tumor-reactive T cells or T cells surface positive
for a T cell activation marker, can be stored for greater than 6, 12, 18, or 24 months prior to
administration to the individual, Such crvopreserved cells can be thawed prior to the administration.

{6295 In some ernbodiments, the provided compositions, sach as provided by any of the
provided methods or contaimng turnor-reactive T cells or T cells sorface positive for a T cell
activation marker, can he administered to a sshject by any convement route including parenteral
routes such as saboutaneous, intramuscular, ntravenows, and/or epidoral routes of admimstration.

18296] n some embodiments, the compositions, such as provided by any of the provided
methods or containing mmor-reactive T cells or T cells swrface positive for a T cell activation marker

may be administered in a single dose. Such administration may be by injection, e.g., intravenous
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injection. In some embodiments, umor-reactive T cells or T cells surface positive for 2 T cell
activation rarker may be adnunistered in multiple doses. Dosing may be once, twice, three times,
four times, five times, six fimes, or more than six times per year. Dosing may be once a month, once
every two weeks, once a week, or once every other day. Administration of such corapositions and
cells maay continge as long as necessary.

[8297] In some embodiments, the subject is administered a ymphodepleting therapy prior to the
administration of the dose of cells frorm a provided compositions, such as produced by any of the
provided methods or containing tumor-reactive T cells or T cells surface positive for a Teell
activation marker. The lymphodepleting therapy can inclode administration of fludarabine and/or
cyclophosphamide (the active form being referred to as mafosfamide) and combinations thereof. Such
methods are described in Gassner et al. (Cancer Immyanod Immunother | 201 1, 60(1):75-85,
Muransk, et al, Nat Clin Pract Oncol, 2006 3(12):668-631, Dudley, et al., ¥ Chin Oncol 2008,
26:5233-5239, and Dudley, et al., J Clin Oncol. 2005, 23(103:2346-2357, all of which are
incorporatad by reference herein 1o their entiveties.  In some embodiments, the fludarabine is
administered at a dosage of 10 mg/kg/day, 15 mgrke/day, 20 mg/kg/day, 25 mg/kg/day, 30
mg/kg/day, 35 mg/kg/day, 40 mg/kg/day, or 45 mg/kg/day, or a dosage amount between a range of
any of the foregoing. In some embodiments, the fludarabine 1s for 2-7 days, such as for 3-5 days,
such as at or about 3 days, at or about 4 days or at or about 5 days. In some embodiments, the
cyclophosphamide is administered at a dosage of 10 mg/m2/day, 150 mg/m2/day, 175 mg/m2/day,
200 mg/m2/day, 225 mg/mZ/day, 250 mg/n2/day, 275 mg/m2/day, or 300 mg/n/day. In some
embodiments, the cyclophosphamide is administered intravenously (i.e., 1.v.). In some embodiments,
the cyclopbosphamide treatment s for 2-7 days, such as 3-5 days, at or about 3 days, at or abowt 4
days or at or about § days. The lymphodepletiag therapy is administered prior o the provided cell
compositions. 1o some embodiments, the lymphodepleting therapy 1s carned out within a week of the
adramistration of the provided cell compositions, such as 5-7 days prior to the administraton of the
dose of cells.

10298] The compositions described herein can be used in a method for treating hyperproliferative
disorders. In a preferred embodiment, they are for use in treating cancers. In sore aspects, the cancer
cant be a melanoma, ovarian cancer, carvical cancer, lung cancer, bladder cancer, breast cancer, head
and neck cancer, renal cell carcinoma, acute myeloid leskermig, colorectal cancer, and sarcoma. In
some embodiments, the cancer 1s a cancer with a high mutational burden. In some embodiments, the

-ancer is melanoma, hung squamous, lung adenccarcinoma, bladder cancer, lung small cell cancer,
esophageal cancer, colorectal cancer, cervical cancer, head and neck cancer, stomach cancer or oterine
cancer.

{62991 In some embodiments, the cancer is an epithelial cancer. In some embodiments, the

cancer is selected from non-small cell hing cancer (INSCLC), CRC, ovarian cancer, breast cancer,
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esophageal cancer, gasiric cancer, pancreatic cancer, cholangiocarcinoma cancer, endometrial cancer.
In some embodiments, the breast cancer is HR+/Her2- breast cancer. 1o some embodiments, the
breast cancer is a triple negative breast cancer {TNBC). In some embodiments, the breast cancer is a
HER?Z2+ breast cancer.

[0386] In some embodiments, the subject has a cancer that is a hematological tumor. Non-
limiting examples of hematological tamors inchide lenkemias, including acute leukemias (such as |
1§23~ positive acute lenkemia, acute lymphocytic leukermia, acuie rayeloeytic leukemia, acute
myelogenous leukerma and mayeloblastic, promyelocytic, myelomonocytic, monocytic and
erythroleukemia), chromc leukemias (such as chronic myelocytic {granslocytic} leukenua, chronic
myelogenous legkenua, and chronic fymphocytic leokemia), polycytheria vera, lymphoma,
Hodgkin's disease, non-Hodgkin's iymphoma (ndolent and high grade fonms), muluple myeloma,
Waldenstro™'s macroglobulinemia, heavy chain disease, myelodysplastic syndrome, hairy cel
fevkena and myelodysplasia.

{6301} In some embodiments, the subject has a solid tumor cancer. Non-limiting examples of
sofid tumors, soch as sarcoras and carcinomas, inchide fibrosarcoma, myxosarcoria, Hposarcoma,
chondrosarcoma, osteogenic sarconia, and other sarcomas, synovioma, mesothelioma, Ewing’s tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, lymphoid malignancy, pancreatic cancer,
breast cancer {(including basal breast carcinona, ductal carcinoma and lobular breast carcinoma), fung
cancers, ovarian cancer, prostate cancer, hepatocellular carcinoma, squamous cell carcinoma, basal
cell carcinoma, adenocarcinoma, sweat gland carcinoma, medullary thyroid carcinoma, papiliary
thyroid carcinoma, pheochromocytomas sebaccous gland carcinoma, papillary carcinoma, papitlary
adenocarcinomas, meduoilary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma,
bide duct carcinoma, choriccarcinoma, Wil tumor, cervical cancer, testicular furaor, seminoma,
bladder carcinoraa, and CNS tumors (such as a ghoma, astrocytoma, medulloblastorna,
craniopharyngioma, ependyraoma, pinealoma, hernangioblastoma, acoustic nenroma,
oligodendroglioraa, reeningioma, melanora, neuroblastoma and retinoblastoma). In several
examples, a tumor s moelasoma, lung cancer, lymphoma breast cancer or colon cancer.

[0302] Tu somee embodiments, the cancer is 3 skin cancer. In particolar embodiments, the cancer
is a melanoma, such as a cutaneous melanoma. In some embodimenis, the cancer is a merkel cell or
metastatic cotaneons squamous cell carcinoma (CSCO).

10303} 1n some embodinaents, the tumor is a carcinoma, which is a cancer that develops from
epithelial cells or s a cancer of epithehial ongin. In some embodiments, the cancer arises
from epithehal cells which inclade, but are not himited to, breast cancer, basal cell carcinoma,
adenocarcinoma, gastrointestinal cancer, lip cancer, mooth cancer, esophageal cancer, small
bowel cancer and stomach cancer, colon cancer, liver cancer, bladder cancer, pancreas cancer,

ovary cancer, cervical cancer, lung cancer, breast cancer and skin cancer, such as squamous cell and
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basal cell cancers, prostate cancer, renal cell carcinoma, and other known cancers that
effect epithelial cells throughout the body.

[0304] In some embodiments, the subject has a cancer that is a gastrointestinal cancer involving
a cancer of the gastrointestinal tract (Gl tract), including cancers or the upper or lower digestive tract,
or an accessory organ of digestion, such as esophagus, stomach, biliary system, pancreas, smaall
intestine, large intestine, rectuym or anus. In some embodiments, the cancer 1s an esophageal cancer,
stomach {gastnic) cancer, pancreatc cancer, liver cancer (hepatocelivlar carcinoma), gallbladder
cancer, cancer of the roucosa-associated Ivmphoid tissue (MALT Iymphoma), cancer of the biliary
tree, colorectal cancer (including colon cancer, rectom cancer or both), anal cancer, or a
gastrointestinal carcinoid tymor. In particelar embodiments, the cancer i3 a colorectal cancer.

{63651 In some emnbodiments, the cancer 1s a colorectal cancer {CRO). Colorectal cancer (CRO)
1s a common tumor of increasing incidence, which, in many cases, does not response to checkpoint
whibition or other immunotherapy. This 18 the case even though such cancers have properties that are
associated with response, e.g., a reasonably high mutation rate and well established association of
prognosis with level of T cell infilration.

{0366] In some embodiments, the cancer is an ovarian cancer. In some embodiments, the cancer
is a triple-pegative breast cancer (TNBC).

16307} Iu some embodiments, the cancer is lung cancer. In some embodiments, the cancer is a
breast cancer. In some embodiments, the cancer 18 a colorectal cancer. In some embodiments, the
cancer is pancreatic cancer. In some embodiments, the cancer is a merkel cell cancer. In some
embodiments, the cancer is a metastatic cufaneons squamous cell carcinoma (CSCC). 1n some
embodiments, the cancer is a melanoma. In some embodiments, the cancer is a non-small cell lung
cancer (NSCLC).

[8368] In some embodiments, the sabject is one whose cancer is refractory 1o, and or who has
refapsed following treatment with, a checkpoint blockade, such as an anti-PD1 or anti-PD-L.1 therapy.
[63069] In some embodiments, the subject is the same subject from with the biological sample

was obtained for producing the therapeutic cell composition. In some such embodiments, the
provided methods of treatment is an adoptive cell therapy with a therapeutic composition containing T
cells autologous to the subject.

{03181 In some embodiments, the cell compositions provided herein are allogenic to the subject
to be treated. In some aspects, the subject from which the cells are derived or isolated is 2 bealthy
subject or is not known to have a disease or conditions, such as a cancer. In such embodiments, the
starting cells for expansion are isolated directly front a biological sample from such a subject as
described herein, 1 sore cases wnchiding with enrichroent for T cells sarface positive for one or more

T cell activation marker as descrbed, and cultured under conditions for expansion as provided herein.
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In some aspects, the biological sample from the subject 18 or includes a tumor or lymph node sample
and such sample tamor and an amount of such tissue is obtained, such as by resection or biopsy {e.g.
core needie biopsy or fine-needie aspiration). In some embodiments, following the culturing under
conditions for expansion the cells are formulated and optionally crvopreserved for subsequent
adramistration to a different subject for treating a cancer 8 such different subject.

10311} In some embodiments, the provided methods can be carried out with one or more other
iraraunotherapies. In some embodiments, the immunotherapy is an roroune modulating agent that is
an immune checkpoint inhibitor. In some embodireents, the immume checkpoint inhibitor specifically
binds a molecole selected from among CD2S, PD-1, PD-LE, PD-L2, CTLA-4, LAG-3, TIM-3, CDH37
{4-1BB), GITR, €40, CD40L, CD134 (OX40), OX40L, CXCR2, B7-H3, B7-H4, BTLA, HVEM,
CD28, TIGIT and VISTA. In some entbodiments, the immaune checkpoint inhibitor 1s and antibody or
antigen-binding fragment, a small molecule or a polypeptide. In some embodiments, the inmyne
checkpoint inhibitor 1s selected from among nivolumab, permbrolizumab, prdilizumab, ME-3475,
BMS-936559, MPDL3280A, ipbmomab, temelimomab, IMP31, BMS-986016, urelumab, TRXS1S,
dacetuzumab, lucatumomab, SEQ-CD40, CP-870, CP-893, MED16469, MEDI4736, MOXRO916,
AMP-224, and MSBO01075C, or is an antigen-binding fragment thereof.

[6312] In some embodiments, the provided methods include combination therapy of a cell
therapy as described and PD-1 or PD-L1 inhibitors. A PD-1 or PD-1.1 inhibitor can include binding
antibodies, antagonists, or inhibitors {i.e., blockers).

10313} In an embodiment, the PD-1 inhibitor is nivolumab {commercially available as OPDIV(
from Bristol-Myers Squibb Co.), or biosimilars, antigen-binding fragments, conjugates, or variants
thereof. Nivolumab is a fully uman IgG4 anttbody blocking the PD-I receptor. In an crabodiment,
the anti-PD-1 antibody is an tmmunoglobulin G4 kappa, anti (human CD274) antibody. Nivolumab is
assigned Chemical Abstracts Service (CAS) registry mumber 946414-94-4 and is also known as 5C4,
BMS-936558, MIDX-1106, and ONG-4538. The preparation and properiics of nivolumab are
described in U.S. Patent No. 8,008,449 and Internanional Patent Publication No. WO 2006/121168.

10314} In another embodiment, the PD-1 inhibitor comprises pembrolizumab (commercially
available as KEYTRUIA from Merck & Co., Inc., Kendlworth, NI, USA), or antigen-binding
fragraenis, corjugates, or varianis thereof. Pembrolizomab is assigned CAS registry number 1374853
91-4 and is also known as lambrolizumab, ME-3475, and SCH-900475. The properties, uses, and
preparation of permbrolizamab are descnbed in International Patent Publication No. W 2008/156712
Al U.S. Patent No. 8,354,508 and U.S. Patent Apphcation Publicaton Nos. US 2018/0266617 AL US
2013/0108651 Al and US 2013/0109543 A2,

[0315] In an embodiment, the PD-LI inhibitor is durvalumab, also known as MEDI4736 (which
1s commercially available from Medimmune, LLC, Gaithersbuorg, JViaryiand, a subsidiary of

AstraZeneca ple.), or antigen-binding fragments, conjogates, or variants thereof. In an embodiment,
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the PD-LI inhibitor is an antibody disclosed 1o ULS. Patent No. 8,779,108 or U.S. Patemt Application
Publication No. 2013/0034559.

{0316} In an embodiment, the PD-LI inhibitor is avelumab, also known as MSBOG10718C
{commercially avaifable from Merck k(GaA/EMD Serono), or antigen-binding fragments, conjugates,
or variants thercof. The preparation and propertics of avelumab are described in U.S. Patent
Application Publication No. US 2014/0341917 AL

{63171 In an emmbodiment, the PD-LY inhibitor is atezolizumab, also known as MPDL3280A or

R{37446 (commercially available as TECENTRIQ from Genentech, Inc., a subsidiary of Roche

Holding AG, Basel, Switzerland), or antigen-hinding fragments, conjugates, or variants thereof. In an
embodiment, the PE-L1 1nhibitor is an antibody disclosed 1n U.S. Patent No. 8,217,149, the disclosure
of which is specifically mncorporated by reference herein. In an erabodiment, the PD-LI inhibitor 1s an
antibody disclosed in U.5. Patent Application Publication Nos. 2010/0203056 Al, 2013/0045200 Al,
2013/0045201 Al 2013/0045202 Al or 2014/0065135 Al The preparation and properties of

atezohzumab are described 1 U.S. Patent No. 8,217,149,
IV. KFITS AND ARTICLES OF MANUFACTURE

{0318} Provided herein are articles of manufacture and kits comprising the provided
compositions, such as compositions contaiming T cells produced by any of the provided methods or
containing or enriched for mmor-reactive T cells. In some embodiments, the compositions are
produced by any of the provided methods.

[8319] Kits can optionally inchude one or more components such as instructions for use, devices
and additional reagents {e.g., sterilized water or saline solutions for dilution of the compositions
and/or reconstitution of lyophilized protein), and components, such as tubes, containers and syringes
for practice of the methods. In some embodiments, the kits can further contain reagents for collection
of sarnples, preparation and processing of samples, and/or reagents for quauntitating the amount of one
ot more surface markers in a sample, such as, but not limited to, detection reagents, such as
antibodies, buffers, substrates for enzymatic staining, chromagens or other materials, such as slides,
containers, microtiter plates, and optionally, nstructions for performing the methods. Those of skill
1a the art will recognize many other possible containers and plates and reagents that can be used 1o
accord with the provided methods.

10326] In some embodimaents, the kiis can be provided as articles of manufactore that mclade
packing materials for the packaging of the cells, antibodics or reagents, or compositions thereof, or
one or more other components. For exarmple, the kits can contain containers, bottles, tubes, vial and
any packaging matenial soitable for separating or orgamzing the components of the kit. The one or
more contaters may be formed from a vanety of materials such as glass or plastic. n some

entbodirents, the one or more contamers hold 2 composition comprising cells or an antsbody or other
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reagents for use in the methods. The article of mamutacture or kit herein may comprise the cells,
antibodies or reagents in separate containers or in the same container.

[8321] In some embodiments, the one or more containers holding the composition may be a
single-use vial or a mmiti-use vial, which, in some cases, may allow for repeat use of the composition.
In some embodiments, the article of manufacture or kit may further comprise a second container
comprising a suitable difuent. The article of manufactre or kit may further include other materials
desirable from a comumercial, therapeutic, and user standpoint, incloding other buffers, diduents,
filters, needles, synioges, therapeutic agents and/or package 1oserts with instructions for use.

{6322} Tu somee embodiments, the kit can, opticnally, inclode instruciions. Tnstructions typically
wclude a tangible expression describing the cell composition, opuonally, other cornponents included
1a the kit, and roethods for using such. In some embodients, the instructions indicate methaods for
nsing the cell corppositions for adninistration to a suhject for treating a disease or condition, such as
1 aceord with any of the provided embodiments. In some embodiments, the instructions are provided
as a label or a package insert, which is on or associated with the container. In some embodiments, the

wnstructions may indicate divections for reconstitution and/or use of the composition.
Y. DEFINITIONS

[6323] Unless defined otherwise, all terms of art, notations and other technical and scientific
terms or terminology used herein are intended to have the same meaning as is commonly snderstood
by one of ordinary skill in the art to which the claimed subject matter pertains. In some cases, {erms
with commmonly understood meanings are defined herein for clanty and/or for ready reference, and the
inclusion of such definitions herein should not necessarily be construed to represent a substantial
differcuce over what 1s generally understood in the art.

[8324] As used herein, the singular forms “a,” “an,” and “the” inchude phiral referents unfess the

64,9

context clearly dictates otherwise. For example, "a” or “an” means “at least one” or “one or more.” It
is undersiood that aspects and variations described herein include “consisting™ and/or “consisting
essentially of " aspects and variations.

[8325] Throughout this disclosure, various aspects of the claimed subject matter are presented in
a range format. It should be understood that the description 1n range format is merely for convenience
and brevity and should not be construed as an inflexible limitation on the scope of the claimed subject
matter. Accordingly, the description of a range should be considered to have specifically disclosed all
the possible sub-ranges as well as individual numernical valoes within that range. For exaraple, where
a range of vahies is provided, it is understood that each ntervening valoe, between the opper and
fower Iimit of that range and any other stated or intervening vahie in that stated range is encompassed
within the claimed subject matter. The opper and lower Hmits of these smaller ranges may

independendy be incloded 1 the smaller ranges, and are also encompassed within the claimed subject
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matier, subject to any specifically excluded limit in the stated range. Where the stated range includes
one or both of the Hmits, ranges excluding cither or both of those included limits are also included in

oardiess of the breadth of the range.

the claimed subject matter. This applies reg by
2 e iel about” as used herein refers to the usual emor range for the respective value
8326} The rerm “about” as used herein refers to the usual error range for the respective valn
readily known to the skilled person in this technical field. For example, in various embodiments

o7 £

% of the recited nominal value. Also, reference to “about

.

about may refer 1o +/- 10%, 5%, 2.5% or 1
a valoe or parameter herein 1nchudes (and describes) embodiments that are divected to that valoe or
parameter per se. For example, description referring to “about X7 includes description of “X7.

{6327} The term “antologous” as used herein mueans a cell or tissue that is removed from the
same orgamsm to which 1t is later infused or adoptively ransferred.

10328] As used herein, a composition refers 1o any mixture of two or more products, substances,
or cornpounds, including celis. 1t roay be a solution, a suspension, ligquid, powder, a paste, aqueous,
noR-3quenss or any combination thereof,

{03281 As used berein, “optional”™ or “optional” means that the subsequently described event or
circumstance does or does not occny, and that the description inchydes instances where said event or
circomstance occurs and instances where # does not. For example, an optionally substinted group
means that the group 1s unsubstituted or is spbstituted.

18330] The term “pharmacentical composition” refers 1o a composition suitable for
pharmacentical vse 10 a mammalian subject, often a human. A pharmaceutical composition typically
comprises an effective amount of an active agent {e.g., tumor reactive T cells, such as those expanded
in accord with the provided methods) and a carrier, excipient, or diluent. The carrier, excipient, or
difuent is typically a pharmaceutically acceptable carrier, excipient or difuent, respectively.

16331} A “pharmaceutically acceptable carrier” refers 1o a non-toxic solid, semisolid, or Hguid
filler, diluent, encapsulating material, formdation avxiliary, or carrier conventional in the art for use
with a therapentic agent that together comprise a “pharmacentical composition” for administration o
a subject. A pharmaceutically acceptable carrier 1s non-toxic to recipients at the dosages and
concentrations employed and are compatible with other ingredients of the formulation. The
pharmaceutically accepiable carrier is appropriate for the formulation employed.

[8332] As used herein, a “subject” is a mammal, such as a human or other animal, and typically
is buman. The subject can be male or female and can be any suitable age, including infant, juvenile,
adolescent, adult, and geriatric subjects.

[6333] The terms “effective amount” or “therapentically effective amount” refer (o a quantity
and/or concentration of a therapeutic composition, such as containing cells, ¢.g. expanded in accord
with the provide methods, that when administered to 2 patient yields any manner in which the

symptoras of a condition, disorder or disease or other indication, are ameliorated or otherwise
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beneficially aliered. An effective amount for treating a discase or disorder may be an amount that
reficves, lessens, or alleviates at least one symptom or biological response or effect associated with
the disease or disorder, prevents progression of the disease or disorder, or improves physical
functioning of the patient. In particular aspacts, there is a statistically significant indubition of disease
progression as, for example, by ameliorating or eliminating symptoms and/or the cause of the discase.
In the case of cell therapy, the effective amount is an effective dose or number of cells admnistered to
a patient. In some embodiments the patient s a human patient.

10334} As used herein, “disease,” disorder”™ or “condition” refers 10 a pathological condition in
an organism resoiing from cause or condition including, but not limited to, infections, acquired
conditions, genetic conditions, and characterized by identifiable symptoms. In particular, itis a
condition where treatment is needed and/or desired.

[03358] The terms “treating,” “weatmaent,” or “therapy” of a disease or disorder as used herein
mean slowing, stopping or reversing the disease or disorders progression, as evidenced by decreasing,
cessation or elimination of either chmcal or diagnostic syrptons, by adrmimstration of an
inmonomodelatory protein of engineered cells of the present invention either alone or in combination
with another compound as described herein. “Treating,” “treatment,” or “therapy” also means a
decrease 1n the severity of symptoms in an acute or chronic disease or disorder or a decrease in the
relapse rate as for example in the case of a relapsing or remitting autoimmune discase course or a
decrease 1n inflammation n the case of an inflammatory aspect of an aptoimmune disease.
“Preventing,” “prophylaxis,” or “prevention” of a discase or disorder as used in the context of this
wnvention refers 1o the administration of an immunomodulatory protein or engineered cells expressing
an immunomodulatory protein of the present invention, either alone or in combmnation with another
compaund, to prevent the occurrence or anset of a disease or disorder or some or all of the symptoms
of a disease or disorder or to lessen the likelthood of the onset of a disease or disorder. For example,
in the context of cancer, the terms “treatment” or, “inhihit,” “inhibiting” or “inhibition” of cancer
refers to at least one of: a statistically significant decrease in the rate of tamor growth, a cessation of
tumor growth, or a reduction 1n the size, mass, roetabolic activity, or volume of the tumor, as
measured by standard criteria soch as, but not himited o, the Response Evabhyation Criteria for Sohd
Tumors (RECIST), or a statistically significant increase in progression free survival {PFES) or overall

sarvival (O5).

Vi EXEMPLARY EMBODIMENTS

18336] Among the provided ernbodiments are:
1. A pharmaceutical T lymphocyte infiltrating (TIL) composition enriched in tamor

reactive T cells, the pharmaceutical composition comprising multiclonal or oligoclonal population of

[o's)
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T cells comprising CD4+ and CD8+ T cells from a twmor, wherein the population comprises at least
10 different T cefl receptor (TCR) clonotypes each with 2 frequency 1n the population of at least
2.0%; and wherein at least 90% of the cells in the composition are CD3+ T cells.

2. The pharroaceutical composition of embodument 1, wherein af least 11 different TCR
clonatypes have a frequency 1n the popudation of at least 2.0%.

3. The pharmaceutical coraposition of emabodunent 1, wherein at least 12 differemt TCR
clonatypes have a frequency 1n the popudation of at least 2.0%.

4. A pharmacestical T lyrophocyte wfiltrating (TIL) composition enriched in tumor
reacuve T cells, the pharmacestical composition comprising a myalticlonal or oligocional population
of T cells comprising CD4+ and CD8+ T cells from a tumor, wherein the popuolation comprises at
least 10 different T cell receptor {TCR clonotypes each with a frequency 1a the population of at least
1.0%; and wherein at least 90% of the cells in the composition are CD3+ T cells.

5. The pharmaceutical composition of embodiment 4, wherein at least 11 different TCR
clonotypes have a frequency in the population of at least 1.0%.

. The pharmacentical composition of embodiment 4, wherein at least 12 different TCR
clonotypes have a frequency in the population of at feast 1.0%.

7. The pharmaceutical composition of any of embodiments 1-6, wherein 8 to 15
different T cell receptor (TCR) clonotypes make up at least 30 % of the TCR frequency in the
population.

8. A pharmaceutical coraposition enriched in tumor reactive T cells, the pharmaceutical
composition comprising a multiclonal population of tamor mfltrating lymphocytes comprising CD4d+
and CD8+ T cells from a turoor, wherein 8 to 15 different T cell receptor {TCR) clonotypes make up
at least S0 % of the TCR frequency in the population.

9. The pharmaceotical composition of any of embodiments 1-8, wherein 9 to 12
differeat TCR clonotypes make up at least 50% of the TCR freqoency in the population.

10. The pharmaceutical composition of any of emboduments 1-9, wherein the TCR
clonotypes exhibit reactivity to at least one CD4 antigen and at least one CD8 antigen.

11 The pharmacestical composition of any of embodiments 1-10, wherein the TCR
clonotypes exhibit reactivity for 2 to 100 different peptide antigens.

12. The pharmaceutical composition of any of embodiments 1-11, wherein the TCR
clonotypes exhibit reactivity for 10 to 40 different peptide antigens.

13 The pharmaceutical composition of any of embodiments 1-11, wherein the TCR
clonotypes exhibit reactivity for 2 to § different peptide antigens.

i4. The pharmaceutical coraposition of any of embodiments 1-11, wherein the TCR

clonotypes exhibit reactivity for 2 to 4 peptide antigens.
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i3. The pharmaceutical coraposition of any of embodiments 1-11, wherein the TCR
clonotypes exhibit reactivity for 2 peptide antigens.

1. The pharmaceutical comaposition of any of embodiments 1-11 and 13-15, wherein the
TCR clonotypes exhibit reactivity for one CDE antigen and one CD4 antigen.

i7. A pharmacentical composition enriched 18 tumor reactive T cells, the pharmaceutical
composition comprising 2 nmlticlonal population of tamor wfilirating Ivmphocytes comprising D4+
and CDA+ T cells from a tumor, wherein 1O to 100 different T cell receptor (TCR) clonotypes are
present in the population.

i8. The pharmaceutical composition of ermnbodiment 17, wherein the TCR clonotypes
exhibit reactivity for 10 to 40 different peptide antigens.

19 A pharmacestical composition enriched 1n tuinor reactive T cells, the pharmaceutical
comiposition comprising a multiclonal population of tumor infiltrating lymphocytes comprising CD4+
and CDE+ T cells from a tamor, wherein 20 to 100 different T cell receptor (TCR) clonotypes are
present in the population.

20. The pharmacentical composition of embodiment 19, wherein 20 to 60 different TCR
clonotypes are present in the population.

21. A pharmaceutical composition enriched in tomor reactive T cells, the pharmaceutical
composition comprising a multiclonal population of tamor mfltrating lymphocytes comprising CD4d+
and CDE&+ T cells from a tamor, wherein the top 40 TCR clonotypes make up at least 75% of the TCR
frequency in the population.

22. The pharmacentical composition of any of embodiments 5-21, wherein at least 90%
of the cells in the population are CD3+ T celis.

23. The pharmaceutical composition of any of embodiments 1-22, wherein the TCR
clonotypes exhibit reactivity for at least one CDB antigen and at least one CP4 antigen.

24. The pharmacestical composition of any of embodiments 1-23, wherein at least 20%
of the CDi+ T cells and/or at least 20% of the CD4+ T cells in the composition exhibit neoantigen
reactivity.

25, A pharmaceutucal T byvmphocyte infilrating (TIL) composition enniched in tomor
reactive T cells, the pharmaceutical composition comprising tomor infiltrating lymphocytes
comprising CD4+ and CD8+ T cells from a tumor, wherein at least 90% of cells in the conposition
are CD3+ T cells and wherein at least 20% of the CD8+ T cells and/or at feast 20% of the CD4+ T
cells in the composition exhibit necantigen reactivity.

26. The pharmaceutical comaposition of embodiment 24 or emabodiment 25, wherein
feast 25% of the CD8+ T cells and/or at teast 20% of the CD4+ T cells in the composition exhibit

neoantigen reactivity.

o=
-1



WO 2024/098041 PCT/US2023/078751

7

27. The pharmaccutical commposition of embodiment 24 or erabodiment 25, wherein at
feast 30% of the CD8+ T cells and/or at teast 20% of the CD4+ T cells in the composition exhibit
neoantigen reactivity.

28. The pharmaceutical coraposition of embodiment 24 or erabodiment 25, wherein at
least 40% of the CD8+ T cells and/or at teast 30% of the CD4+ T cells in the composition exhibit
neoantigen reactivity.

28. The pharmaceuntical coraposition of any of embodiraents 19-28, wherein neoantigen
reactivity is determined in a co-cultume assay with peptide loaded antologous APCs (2.g., as described
in Example 2) by one or mote of: upregidation of CD134 and CD137, IFN-y production, TNF-alpha
production, granzyime B prodocton or degramulation, optionally wherein degramudation is determined
based op COIG7 expression.

30. The pharmacentical composition of any of embodiments 1-29, wherein the TIL
composition is characterized by at least a 1.5-fold increased percentage of cells positive for CD134
and CD137 compared to a bulk TIL population in a co-culture assay with peptide loaded autologous
APCs, optionally at least a 2-fold, at least a 3-fold or at least a 4 -fold increase in CD134 and CD137
positive cells compared to a bulk TIL population.

3L The pharmaceutical composition of any of embodiments I-11, wherein greater than
30% of the cells in the TIL composition are positive for CD134 and CD137 ip a co-culture assay with
peptide loaded antologous APCs, optionally greater than about 35%, greater than about 40%, or
greater than about 45% of cells are positive for (134 and CD137.

32. The pharmaceutical composition of any of embodiments 1-31, wherein greater than
48% of the cells in the TIL composition are posiiive for CD134 and CD137 18 a co-culture assay with
peptide loaded antologous APCs, optionally greater than about 50%, greater than about 60%, or
greater than abowt 70% of cells are positive for CD34 and CD137.

33. The pharmaceatical composition of any of embodiments 1-32, wherein, the TIL
composition is characterized by at least one of the following criteria in an in vitre co-cuolture assay

with peptide loaded autologous APC:
i} IFN-y production that 1s greater than 1,000 pg/mi.;
{1i) TNF-alpba production that is greater than 100 pg/ml;
(113} greater than 10% CD107a+ cells; and
ivy granzyme B production that is greater than 10,000 pg/mL.

34, The pharmaceutical coraposition of any of embodirnents §-33, wherein, the TIL
composition is characterized by at least one of the following criteria in an in vitro co-cultore assay

with peptide foaded autologous APC:

[o7s]
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1} IFN-y production that is greater than 100,000 pg/mi.;

{(11) TNF-alpha production that is greater than 250 pg/ml;

{111y greater than 10% CD107a+ cells; and

iv) granzyme B production that is greater than 38,000 pg/ml.

35. A pharmaceutical T lymphocyte infiltrating (TH.) composition enriched in tumor reactive
T cells, the pharmaceutical composition comprising temor wfilirating lymphocytes comprising CD4d+
and CD8+ T cells from a turoor, wherein at least 90% of cells in the coraposibon are CD3+ T celis

and wherein, the TIL coraposition is charactenized by at least one of the following criteria inan in
vitre co-culiure assay with peptide foaded antologous APC:

1} IFN-y production that is greater than 1,000 pg/mL;

(i1) TNF-alpha production that is greater than 100 pg/mL;

(113} greater than 10% CD107a+ cells; and

(iv) granzyme B production that is greater than 10,000 pg/ml..

36, A pharmaceutical T Iymophocyte nfiltrating (TIL) composition 2ariched in tomor reactive
T cells, the pharmaceutical composition comprising tumor infilirating lymphocytes comprising CD4+
and CDA+ T cells from a tumor, wherein at least 30% of cells in the composition are CD3+ T cells
and wherein, the TIL composition is characterized by at least one of the following critena 8 an in

vitro co-cudtore assay with peptide loaded autologous APC:

1} IEN-y production that is greater than 100,000 pg/mi;

(1) TNF-alpha production that is greater than 250 pg/ml.;

{1v) granzyme B production that is greater than 50,000 pg/rol..

37. The pharmaceutical composition of embodirnents 33-36, wherein the TIL coraposition is
characterized by at least two of eritenia (3)-(iv}).

38. The pharmaceutical composition of embodiments 33-36, wherein the TIL
compasition is characterized by at least three of criteria (9)-(iv).

39. The pharmacentical composition of embodiments 33-36, wherein the TIL
compaosition is characterized by criteria (1)-(iv).

40. The pharmaceuntical composition of any of embodiments 29-39, wherein the TIL

composition is characterized by IFN-v production that 15 greater than 2,500 pg/mb, greater than 5,000



WO 2024/098041 PCT/US2023/078751

pg/ml, greater than 10,000 pg/ml, greater than 25,000 pg/mil., greater than 50,000 pg/al., greater
than 100,000 pg/ml., greater than 200,000 pg/ml., greater than 250,000 pg/ml., greater than 560,000

pg/ml., or greater than 1,000,000 pg/mi.

41. The pharmaceutical composition of any of embodiments 29-40, wherein the TIL
composition is characterized by [FN-y production that is greater than 250,000 pg/mL, greater than

560,600 pa/mi., or greater than 1,000,000 pg/ml..

42, The pharmaceutical composition of any of embodiments 29-41, wherein the TIL
composition is characterized by TNF-alpha production that 1s greater than 200 pg/mk., greater than

500 pg/mL, greater than 1000 pg/mL, or greater than 2000 pg/mL.

43. The pharmaceutical composition of any of embodiments 29-42, wherein the TIL
composition is characterized by TNF-alpha production that is greater 500 pg/mL, greater than 1000

pg/ml, or greater than 2000 pg/mL.

44. The pharmaceatical composition of any of embodiments 29-43, wherein the TH.
composition is characterized by greater than 15% CD107a+ cells, greater than 20% CD107a cells, or

greater than 25% CD107a+ cells.

45. The pharmaceatical composition of any of embodiments 29-44, wherein the TH.
composition is characterized by granzyme B prodoction that 1s greater than 13,000 pg/mlL, greater
than 25,000 pg/ml, greater than 50,000 pg/ml., greater than 100,000 pg/ml., greater than 200,000
pg/ml, greater than 300,000 pg/ml, greater than 400,000 pg/ml or greater than 500,000 pg/ml.

46. The pharmaceatical composition of any of embodiments 29-45, wherein the TH.
composition is characterized by granzyme B prodoction that 1s greater than 200,000 pg/ml, greater

than 300,000 pg/mb., greater than 400,000 pg/mi or greater than 500,000 pg/mL.

47. The pharmaceutical composition of any of embodiments 1-46, wherein, the TIL
composition is characterized by at least one of the following criteria in an in vitre co-cuolture assay
with peptide loaded autologous APC:

i} IFN-y that 1s 50-fold or higher than a bulk TIL composition that is not enriched for turor
reactive T cells;

i1} TNF-a that 1s 300-fold or higher than a bolk TIL composition that is not eariched for
fumor reactive T cells: or

i} granzyme B thatis 15-fold or higher than a bulk TIL composition that is not enriched for
tamor reactive T cells.

45. A pharmaceutical T lymphocyte infilirating {TIL) composition enriched in tumor
reactive T cells, the pharmacentical composition comprising tumor mfiltrating lvmphocytes

comprising CD4+ and CD8+ T cells fron a tumor, wherein at Jeast 90% of cells in the composition
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are D3+ T cells and wherein, the TIL composition is characterized by at least one of the following

criteria in an in vitro co-culture assay with peptide loaded autologous APC:

i} IFN-y that is 30-fold or higher than a bulk TIL composition that is not enriched for tumor

reactive T cells;

i1} TNF-a that 1s 300-fold or higher than a bolk TIL composition that is not eariched for

fumor reactive T cells: or

i1} granzyme B that 1s 13-fold or tugher from a butk TIL composition that is not enriched for

tumor reactive T cells,

49. The pharmaceutical composition of embodiment 47 or embodiment 48, wherein the
TIL composition 1s characterized by criteria (i) and (i1}

50. The pharmaceatical composition of embodiment 47 or embodiment 48, wherein the
TIL composition 18 characterized by criteria (i) and (i).

51. The pharmaceatical composition of embodiment 47 or embodiment 48, wherein the
TIL composition 1s characterized by criteria (8) and (113).

52. The pharmaceutical composition of embodiment 47 or embodiment 48, wherein the
TIL composition 1s characterized by criteria (i), (1) and (i11).

53. The pharmaceutical composition of any of embodiments 1-52, wherein the
composiiion is characterized by a greater number of CDd+ T cells than CD8+ T celis.

54. The pharmaceutical composition of any of embodiments 1-52, wherein a ratio of
Ch4+ T cells to CD8+ T cells in the compeosition is between 5:1 to 1:5.

55. The pharmaceutical comaposition of any of embodiments 1-52, wherein a ratio of
CD4+ T cells to CD8+ T cells in the composition is between 5:1 to 5011, between 5:1 to 25:1,
between 3:1 to 20:1, between 5:1 to 13:1, between 5:1 to 10:1, between 10:1 to 30:1, between 10:1 to
25:1, between 10:1 to 20:1, between 10:1 to 15:1, between 15:1 to 50:1, between 15:1 t0 25:1,
between 15:1 to 20:1, between 20:1 to 51, between 20:1 to 25:1 or between 25:1 10 50:1.

56.  The pharmaceutical composition of any of embodiments 1-55, wherein aratio of C+ T
cells to CP8+ T cells in the composition 18 at or abowt 10:1 to 25:1, optionally at or about 20:1.

57. The pharmaceutical composition of any of embodiments 1-56, wherein greater than 50% of
the CD3+ T cells, optionally greater than 50% of the CD4 and CD8+ T cells, express markers of an
effector memory phenotype.

58.  The pharmaceutical composition of any of embodiments 1-57, wherein greater than 75%
of the CD3+ T cells, optionally greater than 75% of the CD4 and CD84+ T cells, express markers of an

effector meniory phenotype.
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59. The pharmaceutical composition of any of embodinents 1-38, wherein greater than 80%
of the CD3+ T cells, optionally greater than 80% of the CD4 and CD8+ T cells, express markers of an
effector memory phenotype.

60. The pharmaceutical composition of any of embodiments 1-58, wherain greater than 85%
of the CD3+ T cels, optionally greater than 85% of the CD4 and CD8+ T cells, express markers of an
effector meraory phenotype.

61, The pharmaceutical composition of any of embodiments 1-58, wherain greater than 90%
of the CD3+ T cells, optionally greater than 90% of the CD4 and CD8+ T cells, express markers of an
effector memory phenotype.

62. The pharmaceutical composition of any of embodiments 58-61, wherein the effector
nemory phenotype is characterized by surface marker expression of one or more of CD45RA,
CP45RO+, CD62L, CCRY-, CD2Z8- and CD27-.

63. The pharmaceutical composition of any of embodiments 58-62, wherein the effector
nmemory phenotype is characterized by surface marker expression CD4SR A, CD45RO+, CD62L, and
CCRT.

64.  The pharmaceutical composition of any of embodiments 38-62, wherein the effector
mernory phenotype is characterized by surface marker expression CD45R A, CD45RO", CD62L,
CCRT, CD28 and CD27.

65.  The pharmaceutical composition of any of embodiments 38-62, wherein the effector
merory phenotype is characterized by surface marker expression CD45SRA and CCRT™.

66, The pharmaceutical composition of any of embodiments 1-65, wherein greater than 95%
of the CDM+ and CD8+ T cells in the composition are PD-1.

67.  The pharreaceutical composition of any of embodirents 1-66, wherein greater than 80%
of the CD+ and COB+ T cells in the composition LAG3

68.  The pharmaceutical composition of any of embodiments 1-67, wherein the nomber of
cels in the composition, or of viable cells thereof, is at feast 2 x 107 cells.

69, The pharmaceutical composition of any of embodiments 1-68, wherein the number of
cels in the composition, or of viable cells thereof, is between at or aboot 2 x 107 cells and 20 x 10°
cells, 2 x 107 cells and 10 x 10° cells, 2 x 107 cells and 2 x 107 cells, 2 x 107 cells and 2 x 10° cells, 2
x 10° cells and 20 x 10° cells, 2 x 10° cells and 10 x 10° cells, 2 x 10% cells and 2 x 10° cells, 2 x 10
cells and 20 x 10° cells, 2 x 107 cells and 10 x 107 cells, or 10 x 107 cells and 20 x 10° cells, cach
inchusive.

70.  The pharmaceutical composition of any of embodiments 1-09, wherein the

pharmaceutical composition is for treatment of a patient’s tumor.
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71 The pharmaceutical coraposition of any of embodiments 1-70, wherein the tumor is a
colorectal cancer (CRC) tumor, a melanoma tumor, 2 non-small cell fung cancer (NSCLC) tamor, or
an ovarian cancer Gumor.

72, The pharmaceutical coraposition of any of embodiraents 1-71, wherein the tmor is
from a hurman subject.

73. The pharmaceutical coraposition of emabodument 72, wherein the pharmaceutical
composition 18 for autologous adoptive therapy to the human subject.

74. The pharmacentcal composition of any of embodiments 1-73, comprising a
pharmaceutically acceptable excipient.

73. The pharmacentcal composition of any of embodiments 1-74, comprising a

cryoprofectant.

76. The pharmacentical composition of any of embodiments 1-75, wherein the
composition is a hiquid composition.

77. The pharmaceutical composition of embodiment 76, wherein the composition had
been frozen and thawed.

y

78. The pharmaceutical composition of any of embodiments 1-77, wherein the volume of
the composition s between | mb and 500 mL.

79. The pharmaceutical composition of any of embodiments 1-78, whercin the
compasition is frozen.

80. A pharmaceutical T lymphocyie mfilrating (T1L) compeosition enriched in tupor
reactive T cells for treatiment of a patient’s fwmor, the pharraaceutical composition comprising 2
mulacional or oligoclonal population of T cells comprising CRd+ and CH8+ T cells from the
patient’s tumor, wherein the population comprises at least 10 different T cell receptor (TCR)
clonotypes cach with a frequency in the population of at east 2.0%; and wherein at least 90% of the
cells i the composition are CD3+ T cells.

81. A pharmaceutical T lymphocyte infiltrating (TIL) composition enriched in tumor
reactive T cells for treatiment of a patient’s tumor, the pharmacentical composition comprising a
multiclonal or oligoclonal population of T cells comprising CD4+ and CD8+ T cells from the
patient’s tunior, wherein the population comprises at least 10 different T cell receptor (TCR)
clonotypes cach with a frequency in the population of at least 1.0%; and wherein at least 90% of the
cells in the composition are CD3+ T cells.

]2 The pharmaceutical comaposition of any of embodiments 1-81, wherein the TIL
composiiion is produced by an ex vivo method comprising expansion of umor-reactive T cells from a
donor subject that have been co-cultuired with autologous antigen presenting cells and peptide

neoantigens.
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83. The pharmaceutical comaposition of any of embodiments 1-82, wherein the TIL
composition is produced by a method comprising:
2. providing dissociated tumor cells from a tumor obtained from a donor subject,

wherein the dissociated tumor cells are a first population of T cells that comprise CD4+ and CDE+ T

b coltaring the first population of T cells with recombinaat IL-2 added at a
concentration between 3000 [U/mL and 6000 IU/mL, inclusive, for 14 to 28 days to prodoce a second
population of T cells;

C. co-culturing the second population of T cells for 12 to 48 hoovrs with autologous
antigen presenting cells (APCs} with recombinant 1L-2 added at a concentration of 106 ITU/mL to
1000 TU/mL to produce a third population of T celis, wherein the APCs are loaded with a pool of
peptide neoantigens from the tomor, wherein each peptide 1s 13-40 amino acids in length and is
loaded at a concentration of 100 ngfmL per peptide, and wherein the ratio of the second population of
T cells to APCs 1s 2:1 to 10:1;

d. selecting cells from the third population of T celis that are surface positive for CD134
and/or CD137 to produce a fourth population of T cells; and

e. expanding twmor infiltrating ymphocytes {(TIs) by incubating the fourth population
of T cells with irradiated human peripheral blood mononuclear cells GPBMCs) at a ratio of 100 to 500
{PBMUC 1o cells of the fourth population of T cells with recombinant -2 added at a concentration
between 3000 1U/ml and 6000 IU/mL, inclusive, and 10 to 50 ng/mL anti-CD3 antibody (OKT3) for
12 to 16 days to produce a therapeutic composition of TILs enriched in tumor reactive cells.

84. A frozen composition comprising the pharmaceutical composition of any of
embodiments 1-83 and a cryoprotectant.

85. A method of producing a T lymphocyte infilirating (TIL) composition enriched in
tamor reactive T cells, the method comprising:

a. providing dissociated tumor cells from a temor obtained from a donor ssbject,
wherein the dissociated tumor cells are a first popaelation of T cells that compnse CD4+ and CD8+ T
cells;

b. culturing the first population of T cells with recombinant [L-2 added at a
concentration between about 3000 IU/mL and 6000 TU/ml, inclusive, for about 14 to 28 days to
produce a second popudation of T cells;

C. co-cultunng the second population of T celis for about 12 o 48 hours with
autofogous antigen presenting cells (APCs) with recombinant IL-2 added at a concentration of 100
Uk to 1000 TL/mi to produce a third population of T cells, wherein the APCs are loaded with a

pool of peptide neoantigens from the mumor, wherein each peptide is 13-40 amino acids in length and
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is foaded at a concentration of 100 ag/ml per peptide, and wherein the ratio of the second population
of T cells to APCs is about 2:1 1o 1001,

d. selecting cells from the third population of T cells that are surface positive for CDi34
andfor CD1E37 1o produce a fourth population of T cells; and

2. expanding tumor infilirating Iyraphoeyies (TIls) by incubating the fourth population
of T cells with irradiated human peripheral blood mononuclear cells (IPBMCs) at a ratio of about 100
to 500 PBMUC to cells of the fourth population of T cells with recomnbinant IL-2 added ata
concentration between about 3000 W/l and 6000 IU/mL, inchusive, and 10 to 50 ng/mb ang-CD3
antibody (OKT3) for 12 o 16 days to produce a therapeutic composition of TILs enriched 1n tamor
reactive cells,

86. A method of treating a subject having a cancer, the method comprising adrmimsiering
to a subject having a tumor a therapeutic dose of the composition of any of embodiments 1-84.

87 The method of embodiment 86, wherein the therapeutically effective dose is between
about 1 x 10% and 10 x 107 T celis.

58 The method of embodiment 86, wherein the therapeutically effective dose is from
more than | million to less than 100 miflion T celis per kilogram of body weight.

89. The method of embodiment 86, wherein the therapeutically effective dose 1s fram
more than | million to less than 16 million T cells per kilogram of body weight.

30, The method of embodinent 8§86, wherein the therapeutically effective dose 1s from at
or about 10 milbon to at or about 50 million T cells per kidogram of body weight.

1. The method of any of embodiments 86-90, wherein the celis of the therapeutic

compasition are antologous to the subject.

J

Vil. EXAMPLES

10337} The following examples are inclnded for illustative purposes only and are not intended to

fimit the scope of the mvention.

Example § Methods {or producing Tumor Infilirating Lyvmphocoyies for multiple indications

10338} A wmor infilivating Iviaphocyie (TIL) product with enriched reactivity to mutations
expressed in neoantigens was generated from patient material, Without wishing to be bound by
theory, the enrichment process as described herein enriches for tumor reactive TIL while also
reducing the frequency of bystander TIU 1u the final product. In this process depicted in FIG. 1,
tamor infiltrating lymphocytes (TIL) were expanded from a cryopreserved dissociated colorectal
cancer {CRCY, non-small cell fang cancer (NSCLO), melanoma, or ovarian cancer tumor samiple and
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antigen presenting cells (APCs) were generated from patient-maiched blood. Mutations were
predicted and peptides containing the potential neoantigens were manufactured. TIL from
cryopreserved dissociated tumor cefls of a patient were enriched for nooantigen reactivity by
fhuorescence single cell soriing (FACS) following coculture with avtologous APCs pulsed with
predicted peptides. The sorted neoantigen positive TIL {taror reactive enriched-TIL composition)
and TIL from the pegative fraction (bystander cells) ware expanded using a Rapid Expansion Protocol
(REP). As acontrol, budk TIL from unselected (e.g., no sort) were also expanded using REP.

A, Selection and Tumor-Reactive Enrichment for Selected TIL

1. Neoantigen identification, synthesis

10339} APCs were isolated and expanded from the patient’s antologous blood. B cells were
isolated from autologous PBMCs psing an EasyStep Human CD19 Positive Selection Kit (e.g.,
sternCell Cat. No. 17854). The isolated B cells were cultured with 240 ng/mL moltmeric CD40L and
56 Wl -4 and wcobated at 37 °C, 5% CO; for about 14 days followed by thetr cryopreservation.
A 50% media change was performad on Day 5 and cytokines were replenished every 3 days
afterwards. Alternatively, B cells are immortalized in the event of limited blood volume.
Immortalization of B cells can be attamned by mfecting the cultore with Epstein Bar Vimus or
engineering the B cells with BCL-~6 and BCL-XL genes. If an apheresis product is available,
dendritic cells (DCs) differentiated from monocytes can be used as APCs.

[6340] Whole exome and transcriptome (RNA sequencing) was performed on tumor tssue and
autologous PBMCs and used to predict neoantigen mutations. Mutation-derived neoantigens were
identified by sequencing and up to 192 13-40 amino acid pepiides {e.g., 25nmer) containing the
mutation were generated (synthesized by GenScript).

[6341] While CRC samples accounted for balf of the tumors, the tumor mutational burden within
this population varied significantly, ranging from 132 to 5436 mmtations. As shown i FEG. 24, the
tarpor mutational burden was variable both within and across tumor indications.

2. Processing of samples and pre-REP

{8342} Frozen mimor fragments or dissociated tmor cells (e.g., as fittle as 1 x 107 dissociated
tumor cells) from a primary turor sample were thawed and suspeaded in complete THL media, ¢.g.,
made with Gibco™ CTS™ OpTmizer™ T Cell Expansion SFM (Life Technologies Cat. No.
A37050001) to which was added 25 ol CTS™ OpTmizer expansion sopplement, 50 ml CTS™
Eomuene Cell SR (Life Techuologies Cat. No. A2596101), 0.5 ol gentamicin (50 mg/ol; Life
Technologies Cat. No. 15-750-060), 10 mL of 100X GlotaMAX Sepplement (Life Technologies Cat.
No. 35-050-061), and 20 mL of Homan AB Serum (Sigma Aldrich Cat. No. H4522-100mL). The
suspended cells in complete media were added at Day 0 to a G-Rex6M well cell culture plate with
3000 UL or 6000 U/mL human recombinant IL-2 and cells were incubated for pre-rapid

expansion (pre-REP) by culture at 37 °C, 5% CO; for 27 days. A 50% media exchange was
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performed every 5 days with the complete media containing human recombinant IL-2 to the same
final concentration. in some cases, fresh tumors were cut into fragments ( 1-3mm®) or dissociated and
cultired into 24well G-Rex plates in TIL media containing 5% Human AB seram and 6000 U/l
H.-2 ina pomary expansion (preREP) for 14-28 days. The pre-REP TIL were crvopreserved 1o
Cryostor CD 0 with 5% Human Serum Albumin and frozen at -80° €. Serum as described above 1s
1achided to improve the success rate of the pre-REP, however, the process can be performed in serame
free media.

10343} Successful TIL expansion was achisved 18 31 out of 34 (91%) tumors osing both taroor
fragments and dissociated cells as described above (1.e., 14/17 CRC cultures, 13/10 NSCLC culowes,
373 ovarian cultares, and 3/3 melanoma cultores). It was observed that pre-REP expansion was
greatest 13 CRC and NSCLC tumors, with mean yields of 5.67¢7 and 8.86¢7 respectively (FIG 2B},
The three CRC samples that failed to expand were all igated from dissociated tumor cell
suspensions in TIL media lacking buman serum.

3. Co-culture

16344} B cells were thawed and following a 24-hour rest were loaded with a peptide pool of 190
peptides containing predicted mutations at a concentration of 100 ng/ml. per peptide. In order to
stimulate any tamor reactive D4 and/or CD8+ TIL, the TIL were co-cultured with APCs that have
been pulsed with the identified peptides as described above. Briefly, the following day, about 3 x 10
pre-REF expanded TIL were used for co-culture with the peptide-pulsed antigen presenting cells
{APCs). The co-culturcs were seeded at a range of ratios from 1:1 to5:1 TH.:B cells and cultured for
about 2{ hours {e.g., overnight) in the presence of 300 [U/mL IL-2. Cells were stained with D134
and CD137 and cells were selected that expressed CD134 and/or CD137 above the fluorescence
minns one {FMO) control after abowi 20 hours of co-culivre with peptide-pulsed APC using 2

FACSAna cell sorter. For companison, also collected were unselected bystander cells from the

negative fraction (acking expression of both markers CD134 and CI337) and bulk TIL that were not
sabjected to the sort selection.

{0345] Tlow cytometry analysis of cells for surface markers CD137 and CD134 showed that
about 3.93% of D8+ and CD4+ T cells after the co-culiure expressed either CD137 or CD 134 above
the FMQ (FIG. 3). Peptide loaded co-cultures show increased expression of CD 34 and CDBI37
compared (o unloaded co-caltures, 2.43% vs 3.9% respectively.

B. Rapid Expansios Protocol

10346] Tor rapid expansion protocol (REP), the selected TIL from above, unselected bystander
cells from above and bulk TIL were separately incubated with irradiated human peripheral blood
mononuckear cells GPBMCs) in a G-RextM or G-Rex 24 well plate at a ratio of about 100:1 to 200:1
iPBMC to TIL, with 3000-6000 1U/mL human recombinant {L-2 and 30 ng/mb anti-CD3 antibody

{OK'T3). The cells were expanded for approximately 14 days. The cells were incubated at 37 °C, 5%
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CO, until a threshold number of cells of about 4 x10% cells were generated {e.g., about 13 or 14 days).
On Days 5 and 10, a 50% media exchange was performed with the comaplete media containing human
recomnbinant IL-2 to a final conceniration of 6000 TU/mL, and on Day 10 cells were split into multiple
wells, The expanded TH. were cryopreserved in 95% Cryostor CD10 with 5% Human Serumn
Albumin and frozen at -80° C. The TIL also may be cryopreserved in 30% Cryostor CD10 with 3%
Homan Scrum Albumin, 45% Plasmalyte A, and frozen at -80° .

10347} The fold expansion of sorted TIL products after 10 and 14 day REP was calculated by
drviding the total oamber of Bve cells af cach time point by the pumber of hve cells seeded on Day 1.
As shown in FIG. 44, for a partcular CRC donor, the selected tumor reactive-enriched TIL
population expanded over 1000-fold duning REP. As shown in FIG. 4B, TIL products were
soecessfully expanded during REP from donors with different cancer indications tested, with NSCLC
and ovarian TIL showing the greatest expansion.

{0348} The above process also can be adapted to use fresh tissue fragments instead of a frozen
dissociated tumor, serum-free media, autologous dendritic cells wstead of T cells, and can he adapted

for larger scale manofacturing soch as using a GRex 500M for REP.

Example 2: Characterization of tumor reactive enviched-TIL composition

18349] TIL products were produced as descrived in Example 1, and were assessed for phenotype,
TCR repertoire and functional characterization.

A. TiL Phenotype

{6350} Flow cytometry analysis for surface markers CD3, CD56, CD4 and CD8 was used o
assess phenotype of TiLs in the selected REP composition. TIL were also characterized to guantify
composition, memory subsets, as well as activation and/or exhanstion. T cell memory populations
were defined based on the expression of CD45RA and CCR7 within the CD4 and CDE subsets, where
TEM = effector memory T cells (CD4SRA-CCR7-), TCM = central memory T celis (CD45RA-
CCR7+), TSCM = Naive/stem cell memory T cells (CD45RA+CCRT+) and TEMRA = effector
T(CD4SRA+CTR7-) of sclected TIL as defined by CCR7 and CDMSRA.

{8351} Tt was observed in FIG. 5 that neoantigen selected TIL were phenotypically similar to
buik TIL. It was observed for both bulk and selected TIL that the majority of cells were TEM, and a
sroaller fraction of cells were TCM. Minimal TEMRA and TNaive/SCM cells were gquantified
following soxting. In one exemplary CRC donor, selected TIL coraposition afier REP was about 92%
CE3+ of which 91.8% were CD4+ T cells and 4.35% were CE8+ T celis. Also, by flow cytoretry
analysis of cell surface markers CDB45RO, CD45RA, CIZL, CCR7, CI327 and CD2ZE, >90% of CD4
and CDE cells expressed markers of an effector memory phenotype.

B. TCR Repertoire
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10352} Single cell TUR sequencing {scRNAseq) was performed on 2000 cells from each of the
expanded bufk TIL composition, selected TIL. composition and bystander (unselected negative
fraction) TIL composition using the 10X genomics platform. Earichment of several clonotypes in the
selected TIL. composition was observed, including some that were very low frequency in the bulk
population (FIG. 6A ). By comparison, the profile of the negative fraction bystander cells was simifar
to the bulk TIL. Selected TIL displayed a reduction in TCR diversity compared to bulk TIL, with 52
clonotypes identified in selected TIL compared 1o 948 in bulk TIL, wdicative of successful selection
(K16, 6B). Analysis of the Top 40 meost frequent TCR clonotypes shows earichment of nwiaple
urigoe TCRs within the selected TIL population relative to bulk and negatively selected TIL, with
these unique TCRs making up the majority of clonotypes within the selected TIL product. The results
reveal ennichment of low freqoency clones 1n the selected TIL compositon after REP that were
undetectable 1 the bulk REP. The resolis also establish that the T1Ls have molople clonotypes for a
given antigen. These data addiionally demonstirate that the method herein can produce selected TIHL
enriched for neoantigen reactivity for multiple tumor types including CRC, melanoma, ovarian, and
NSCLC.

. Functional Characterization

10353} The selected TIL composition, bystander TIL {unselecied negative fracuion) and bulk TiL
after REP were assessed for T cell acuvation reacuivity to necantigens following culture alonc orina
co-culture assay by co-culture of cells in the TIL composition at an effector:target ratio of 5:1 with
autologous peptide loaded or unloaded B cells. Unloaded co-cultures were used as negative controls.
T celf activation was quantified by CD134 and CID 137 expression, in addition to intraceliofar JFN-y
production after 5 hours of co-culture in the presence of Golgi Plug and GolgiStop. The reactivity of
selected TIHL was compared to the bulk TH. that were unsclected (a0 sort), as well as fo the negative
fraction bystander cells from the sort selection.

[0384] Selected TIL compositions were observed to display significant upregulation of CD134
and CDi3720d increased IFN-y production (FIG. 7A) upon co-coliwre with peptide loaded APCs
refative to bulk THL. As shown 1o FIG. 7B, the selected THL. composition displayed enhanced
reactivity to neoantigen peptides relfative to bulk TiLs and negative fraction as determined by percent
of CD4+ or CD8+ T cells positive for IFNy. In response to co-culinwe, 31.2% of CD8 cells and 25.6%
of CD4 cells in the selected TIL product were positive for IFN-y by intracellular cytokine staining.
Increased necantigen reactivity, measored as the fold change in T cell activation {CB134+CD137+)
and IFNy production of selected TIL relative to bulk TIL, was chserved in both the CD4 and CDS8
compartments (FIG. 7€), The selected TIL popolation co-culured with pepude loaded APC showed
significant increases in [FN-y production relative to unloaded and peptide loaded bulk and negative

fraction TIL cultures underscoring their specific reacuvity.
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[8355] The reactivity to necantigens of the cultures above also was determined by monitoring
cytokine secretion (JFN-y, TNF-g) of REP expanded selected TlLs, bystander cells (unselected
negative fraction) and bulk TILs following coculture for 24 hours at an effector:target ratio of 5:1
with autologous peptide Joaded or unloaded B cefls. Supernatants were collected and analyzed using
LEGENDPIex cytometric bead array. The selected TIL composition produced significantly more [FN-
v and TNF-q than bulk TIL upon co-culture with Joaded B cells demonstrating enhanced reactivity
specific to the peptide pool (FIG. 8A). IFN-y and TNF-g were 53 and 360-fold higher in the co-
culture supernatants of selected TIL corapared to bulk TIL, respectively (FEG. 8B). Sclection of
patient tumor-reactive TCRs resalts in superior cytokine expression in the selected TIL composition
in comparison to Bulk TIL 10 response to patient-tomor specific neoantigens.

[0356] As asurrogate of T cell killing, the reactivity to necantigens also was determined by T
cell degranulation assay as deternined by CD107a expression. Selected TiLs, bystander cells
{vuselected negative fraction) and bulk TiLs after REP were co-culiired at an eflfectortarget ratio of
5:1 with autologous peptide loaded or undoaded B cells, CD107a expression was assessed after S
hours of co-caltme by flow cytometry. TIL only and vrloaded co-cultores were used to establish
baseline CD107a expression. As a measure of killing potential, 20.9% of CD8 cells in the selected
TIL composition degranulated in co-culture based on CD107 expression. The selected TILs produced
significantly more CD107a than bulk TiLs or bystander cells, demonstrating enhanced reactivity that
is specific to the peptide pool (FIG. A and FIG. 3B).

{8357} Granzyme B production was guantified from REP expanded selected TILs, bystander
cells (unselected negative fraction) and bulk Tils following coculture for 24 hours at an
effector:target ratio of 5:1 with autologous peptide Joaded or unloaded B cells. Supernatants were
collected and analyzed using LEGENDPlex cytometric bead array. Expression of the cytolytic
enzyme Granzyme B represents a key mechanism by which T celis kill tiumor cells. The selected TIHL
composition produced significantly more Granzyme B than bulk TIL upon co-culture with loaded B
cells demonstrating enhanced reactivity spacific to the peptide pool (FIG. 8C and FIG. 9D).
Granzyme B secretion was increased 16.5-fold over bulk TIL.

[8358] In order to assess selected TIL for function in response to non-specific polycional
stimwlation, bulk and selected TIL from CRC (8=3) and melanoma (n=1) were stimulated overnight
with a solable CD3/CD28 activator (e.g., for CD134+CD137+ expression), or were stimmlated for 5
hours with PMA/Tonomycin (e.g., for IFNy, TNFe and CD107a expression). Cells were then assessed
for CD1344+CH137 4, IFNy, TNFo and CD 1072 expression on CDd+ (FYG. 184A) and CDE+ (FIG.
16B) cells by flow cytometry. In response to non-specific, polyclonal stimdation (CD3/CD2E or

MA/lonomyciny, selected and bulk TIL showed similar levels of T cell activaton, cytokine

production, and degranulation. Taken together these data demonstrate that selected TIL are funcuonal.
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[6359] Individual peptide reactivities were deconvoluted and identified for CD4+ and CD8+
restricted reactivity within the selected TIL composition. Selected TIL after REP were co-cultured for
5 hours at an effector:target ratio of 5:1 with APC, and IFN-y production was guantificd by flow
cytometry within the CD4+ (FIG. §A) and CD&+ (FIG. 8B) compartiments. APC were either
unioaded (DMS0), loaded with the enuire pool of 190 peptides or loaded with smart peptide pools
comprised of 13-14 peptides. Unloaded APC were used as the baseline and PMA/fononyycin treated T
cells as the positive coptrol {maximal respoase). As shown i FEG. 11A and FIG. 1B, withineach T
cell compartment a single peptide produced IFN-y 1o levels equivalent to that produced in the pool co-

culture. The overlap of the reactive pools was used to identify the spectfic reactive peptide.

Exampie 3: Expansion and identification of necantigen reactive tumor infiltrating vinphoovies

(T from metasiatic colorectal (CRE) and G cancers

[0366] Sobsiantially as described in Examples 1 and 2, tmor infiltrating lymphocyte (TTL)
prodocts with enriched reactivity to mutations expressed in neoantigens was generated from patient
niaterial. In a process depicted 1o FIG. 12, tumor infiltrating bymphocytes {TIL) were expanded from
a digested colorectal cancer (CRC) tumor sample and antigen presenting cells (APCs) were generated
from patient-maiched peripheral blood. Mutations were predicted and peptides containing the
potential necantigens were manufactured. TIL from dissociated tumor cells of a patient were enriched
for necantigen reactivity by fluorescence single cell sorting (FACS) following coculture with
autologous APCs pulsed with predicted peptides. The sorted neoantigen positive TIL (fwmor reactive
entiched-TIL composition} and TIL from the negative fraction (bysiander cells) were expanded
through REP, then validated for reactivity as well as for reactive peptides and TCR enrichment.

[8361] Colorecial and gastric cancer tumors were enzymatically and mechanically digested, and
TIL was expanded in 0000 FU/ml. -2, As shown in FEG 13, 21 of 32 CRC samples and 6 of 14
gastric cancer samples expanded TIL to levels feasible for downstream earichment. Total pre-REP
Til. expanded following up to 4 weceks of culiure ranged from 894 x 10° to 38 x 10°. Therefore, TIL
expansion was achicved in 64% of CRC samples and 43% of gastric cancer samples. Of those
samples, pre-REP TIL from 6 CRC and 3 gastric cancers were sequenced, co-cultured, and sorted for
neoantigen reactive TIL.

10362] CRC (8=6) and gasiric cancer (3=3) TIL were co-cultured with autologous B cells pulsed
with necantigen specific 25-mer peptides. TIL were sorted for CIH37 (4-1BB )+ and C3 34 (OX40)+
vpregulated TIL (+/+). As shown in FIG. 344, upregulation of T34 (OX40)/ CD137 (4-1BB) was
seent 1n 85% {5/6) of CRC and 66% (2/3} GI samples. Sopernatants from sorting co-culture were
tested for PNy, TNFg, and Granzyme B expression. A subset of these samples showed additional
upregulation of Granzyme B, IFNy, and or TNFo expression. An exermplary gating strategy for

sorting of neoantigen peptide reactive (+/4) and non-reactive {+/-} TIL is showa in FIG 14B.
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Neoantigen reactive (+/+) and nop-reactive {-/-) TIL were expanded by rapid expansion protocol
(REP) in FIG. 140,

[0363] Following sorting of CD134 (OX40) / D137 (4-1BB) positive TIL and REP, reactivity
against pooled neoantigen peptide was validated in 3 of 6 CRC and 1 of 3 G Individual peptide
screening identified multiple neoantigen peptides driving reactivity in these validated TIL samples. A
representative sample of neoantigen reactive (+/+) and non-reactive (-/-) TIL following REP that were
cocultured with antologous B cells pulsed with a pool of neoantigen specific 25-mer peptides to vendy

reactivity of sorted samples s shown in FIG 154, Reactivity was measured by CD137 (4-1BB) and

D134 (OX40) upregulation by flow analysis following co-culture against pooled peptides in FIG
158

[0364] FIG. 158C depicts reactivity as measored by upregnlation of Granzyme B, TFNy, and
TNFg secretion in soperpatant 1o an ELLA assay. Peptides were forther screened for individual
reactivity by apregolation of IFNy sectetion as shown in FIG. 15D,

10365] Taken together, these data show TIL from metastatic colorectal cancer and gasteic cancer
patient samples expanded from madtiple disease sites. Further, these data sapport that TIL from these
samples can be screened for neoantigens and enviched for necantigen-reactive TIL, and that these
enriched TIL maintained increased reactuivity against these predicted peptides npon resumalation
when compared to TIL that did not upregulate CD134 (0X40)/ CD137 (4-1BB). These data reinforce
further investigation into the use of necantigen-cnriched TIL products to expand the vtility of

adoptive cell therapy.

Vi, THE CONCLUSEON

[8366] The foregoing descriptions of various embodiments of the invention have been presented
for purposes of illustration and description. It is not intended to limit the invention to the precise
forms disclosed. Many modifications, variations and refinements will be apparent to practitioners
skifled in the art. For example, embodiments of the pharmaceutical T Ivmphocyte infilirating (TIL)
compositions described herein tncluding those enniched in taror reactive T cells can be adapted for
treatment of a number of cancers including solid turnors such as GI, breast, bone and melanomas and
various hquid/hematologic tumors such as lenkemia, lymphoma, mukltiple myeloma and related
diseases and related diseases. Also, those slalled in the art will recognize, or be able {0 ascertain using
no more than routine experimentation, mimerons equivalents o the specific devices and methods
described herein. Such equoivalents are considered to be within the scope of the present invention and
are covered by the appended claims below.

10367} Elements, characteristics, or acts from one embodiment can be readily recombined or

substituied with one or more elements, characteristics or acts from other embodiments to form
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numerous additional embodiments within the scope of the invention. Morcover, elements that are
shown or described as being combined with other elements, can, in various embodiments, exist as
standalone clements. Further still, embodiments of the invention also contemplate the exclusion or
negative recitation of an elernent, feature, chemical, therapeutic agent, characteristic, valge or step
wherever saxd clement, feature, chemical, therapeutic agent, charactenstic, value, step or the ke is
positively recited. Hence, the scope of the present invention is not imited to the specifics of the

described embodirnents, but 1s 1astead mited solely by the appended claims.
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CLAIMS
WHAT IS CLAIMED:

1. A pharmaceutical T lymphocyte infiltrating (TIL) composition enriched in tamor
reactive T cells, the pharmaceutical composition comprising a multiclonal population of T cells
comprising CD4+ and CD8+ T cells fron a tumor, wherein the population comprises at feast H)
different T cell receptor (TCR) clonotypes cach with a frequency in the population of at least 2.0%;

and wherein at least 90% of the celis in the composition are CD3+ T celis.

2. The pharroacentcal comaposition of claim 1, wherein at least 11 different TCR
clonatypes have a frequency 1 the popudation of at least 2.0%.
3. The pharmacentcal composition of claim 1, wherein at least 12 different TCR

clonotypes have a frequency 1o the population of at least 2.0%.

4. A pharmacestical T lyrophocyte wfiltrating (TIL) composition enriched in tumor
reactuve T cells, the pharmacestical composition comprising a multiclonal population of T cells
comprising CD4+ and CDE+ T cells from a tumor, wherein the population comprises at least 10
different T cell receptor (TCR) clonotypes each with a frequency in the population of at least 1.0%;

o7,

and wherein at least 90% of the cells in the composition are CD3+ T cells.

5. The pharmaceutical composition of claim 4, wherein at least 11 different TCR

clonotypes have a frequency in the population of at feast 1.0%.

. The pharmaceutical composition of claim 4, wherein at least 12 different TCR

clonotypes have a frequency in the population of at feast 1.0%.

7. The pharmaceutical composition of any of claims -6, wherein 8 to 15 different T cell

recepior (TCR) clonotypes make uvp at least 50 % of the TCR frequency in the population.

8. A pharmacewtical composition enriched in tumor reactive T cells, the pharmaceatical
composition comprising a mudticlonal popudation of tunor infilrating lymphocytes comprising CD4+
and CD&+ T cells from a tumor, wherein 8 to 15 different T cell receptor {TCR) clonotypes make up

at feast 50 % of the TCR frequency in the population.
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9. The pharmaceutical coraposition of any of claimns 1-8, wherein 9 to 12 different TCR

clonotypes make up at least 50% of the TCR frequency in the population.

10, The pharmaceutical coraposition of any of clairas 1-9, wherein the TCR clonotypes

exhihit reactivity fo at least one (D4 antigen and at Jeast one CDR antigen.

i1 The pharmaceutical coraposition of any of claimas 1-10, wherein the TCR clonotypes

exhibit reactivity for 2 to 100 different peptide antigens.

12. The pharmacentcal composition of any of claims 1-11, wherein the TCR clonotypes

exhibit reactivity for 10 to 40 different peptide antigens.

i3 The pharmacentical composition of any of claims 1-11, wherein the TCR clonotypes

exhibit reactivity for 2 to 6 different peptide antigens.

14. The pharmacentical composition of any of claims 1-11, wherein the TCR clonotypes

exhibit reactivity for 2 to 4 peptide antigens.

15 The pharmaceutical composition of any of claims 1-11, wherein the TCR clonotypes

exhibit reactivity for 2 peptide antigens.

16. The pharmaceutical composition of any of claims [-11 and 13-15, wherein the TCR

clonotypes exhubit reactivity for one CDE antigen and one CD4 antigen.

17. A pharmaceutical cornposition enrniched in toror reactive T cells, the pharmacestical
composition comprising a mudticlonal popudation of tunor infilrating lymphocytes comprising CD4+
and CD&+ T cells from a tumor, wherein 10 to 100 different T cell receptor {TCR) clonotypes are

present in the population.

15 The pharmaceutical composition of clainy 17, wherein the TCR clonotypes exhibit

reactivity for 10 to 40 different peptide antigens.

19 A pharmacentical composition enriched 10 tumor reactive T cells, the pharmacecutical
composiiion comprising a2 multiclonal population of tumor infilirating lymphocytes comprising CD4+
and CD8+ T cells fron a tumor, wherein 20 to 100 different T cell receptor (TCR) clonotypes are

present in the population.
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5

20. The pharmaceutical coraposition of claim 19, wherein 20 to 60 different TCR

clonotypes are present in the population.

21 A pharmacentical composition enriched 18 tumor reactive T cells, the pharmaceutical
composition comprising 2 multiclonal population of tomor wfilirating Ivmphocytes comprising D4+
and CDA+ T cells from a tumor, wherein the top 40 TCR clonotypes make up at Jeast 75% of the TCR

frequency in the popudation.

22. The pharmacentcal composition of any of claims 5-21, wherein at least 90% of the

cells in the population are CD3+ T celis.

23. The pharmacentical composition of any of claims 1-22, wherein the TCR clonotypes

exhibit reactivity for at feast one CD8 antigen and at least one CD4 antigen.

24. The pharmaceutical composition of any of claims 1-23, wherein at least 20% of the
CD8+ T cells and/or at least 20% of the CD4+ T cells in the composition exhibif neoantigen
reactivity.

25. A pharmaceutical T lyvmphocyte infiftrating (T1L) composition enriched in tumor

reactive T cells, the pharmaceutical composition comprising tumor infiltrating lvmphocytes
comprising CD4+ and CD8+ T cells from a tomor, whereln at least 90% of cells in the composition
are CD3+ T cells and wherein at least 20% of the CD8+ T cells and/or at least 20% of the CD4+ T

cells in the composition exhibit necantigen reactivity.

26. The pharmaceatical composition of claim 24 or claim 25, wherein at least 25% of the
CD8+ T cells and/or at least 20% of the CD4+ T cells in the composition exhibit necantigen

reactivity.

27. The pharmaceutical composition of clain: 24 or claim 25, wherein at least 30% of the
"D8+ T cells and/or at least 20% of the CD4+ T cells in the composition exhibit necantigen

reactivity.

28. The pharmaceutical coraposition of claim 24 or claim 25, wherein at least 40% of the
CD8+ T cells and/or at least 30% of the CD4+ T cells in the composition exhibit necantigen

reactivity.
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29. The pharmaceutical comaposition of any of claims 19-28, wherein ncoantigen
reactivity 1s determined in a co-culiure assay with peptide loaded autologous APCs {e.g., as described
in Example 2) by one or moore oft upregalation of CDE34 aad CD137, IFN-y production, TNF-alpha
production, granzyme B production or degranulaton, optionally wherein degranuiation is determined

based on CDIGT expression.

30. The pharmacentcal composition of any of claims 1-29, wherein the THL composition
1s charactenzed by at least a 1.5-fold increased percentage of cells positive for CD 134 and CD137
compared (o a bulk TIL population in a co-culiure assay with peptide loaded antologous APCs,

-

optionally at least a 2-fold, at least a 3-fold or at least 2 4 -fold increase in CD34 and CD137 positive

cells compared to a bulk TIL population.

31 The pharmacentical composition of any of claims 1-11, wherein greater than 30% of
the cells in the TIL composition are positive for CD134 and CD137 in a co-culture assay with peptide

s

loaded autologous APCs, optionally greater than about 35%, greater than about 40%, or greater than

Dy &

about 45% of cells are positive for T34 and CDI37.

32. The pharmacentical composition of any of claims 1-31, wherein greater than 48% of
the cells 1o the TH. composition are positive for CE34 and CD137 in a co-culbwre assay with peptide
o

loaded autologous APCs, optionally greater than about 50%, greater than about 60%, or greater than

Dy &

about 7% of cells are positive for CH134 and CDBI37.

33 The pharmacestical composition of any of claims 1-32, wherein, the TIL composition
is characterized by at least one of the following criteria in an in vitro co-culture assay with peptide
foaded axologous APC:

i} IFN-v production that is greater than 1,000 pg/ml,;

(i) TNF-alpha production that is greater than 100 pg/mlL;

(113} greater than 10% CD107a+ cells; and

1) granzyme B production that is greater than 10,000 pg/ml..

34. The pharmaceutical coraposition of any of clairas 1-33, wherein, the TIL composition
1s charactenzed by at least one of the following criteria in an in vifro co-colture assay with peptide

loaded astologous APC:
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1} IFN-y production that is greater than 100,000 pg/mi.;
{(11) TNF-alpha production that is greater than 250 pg/ml;
{111y greater than 10% CD107a+ cells; and

iv) granzyme B production that is greater than 38,000 pg/ml.

35. A pharmacewtical T lvmphocyte infiltrating (TIL) composition cnriched in tumor reactive
T cells, the pharmaceutical composition comprising tomor wfilirating lymphocytes comprising CD4d+
and CD8+ T cells from a turoor, wherein at least 90% of cells in the coraposibon are CD3+ T celis
and wherein, the TIL coraposition is charactenized by at least one of the following criteria inan in
vitro co-coltare assay with peptide loaded antologous APC:

1} IFN-y production that is greater than 1,000 pg/mL;

(i) TNF-alpha production that is greater than 100 pg/mlL;

(113} greater than 10% CD107a+ cells; and

(iv) granzyme B prodoction that is greater than 10,0600 pg/ml.

36. A pharmacentical T Iymphocyte infiltrating (TIL) composition enriched in mamor
reactive T cells, the pharmacentical composition comprising tumor mfiltrating lvmphocytes
coraprising CD4+ and CDR+ T cells from a tumor, wherein at Jeast 90% of cells in the composition
are D3+ T cells and wherein, the TIL composition is characterized by ai least one of the following

criteria in an i vifre co-cultre assay with peptide loaded autologous APC:
1} IFN-y production that is greater than 100,000 pg/mi.;
{(11) TNF-alpha production that is greater than 250 pg/ml;
{111y greater than 10% CD107a+ cells; and

{1v) granzyme B production that is greater than 50,000 pg/rol..

37 The pharmacentical composition of claims 33-36, wherein the TIL composition is

characterized by at least two of criteria (1)-(iv).

38. The pharmacentcal composition of claims 33-36, wherein the TIL composition is
charactenized by at least three of criteria (1)-(v).
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39. The pharmaceutical composition of clains 33-36, wherein the TIL composition is

characterized by criteria (1)-(iv).

4. The pharmaceutical composition of any of claims 29-39, wherein the TIL
composition is characterized by IFN-y prodection that 1s greater than 2,500 pg/ral, greater than 5,000
pg/ml, greater than 10,000 pg/mlL., greater than 25,000 pg/mi., greater than 50,000 pg/mL., greater
than 100,000 pg/ml., greater than 200,000 pg/mal, greater than 250,000 pg/ml, greater than 500,000

&

pg/ml, or greater than 1,000,000 pg/mi.

41. The pharmacentical composition of any of claims 29-40, wherein the TIL
compasition is characterized by IFN-y production that is greater than 230,000 pg/ml, greater than

500,000 pg/mL., or greater than 1,000,000 pg/ml.

42, The pharmaceutical composition of any of claims 29-41, wherein the TIL
compaosition is characterized by TNF-alpha production that is greater than 200 pg/nd., greater than

500 pg/ml., greater than 1000 pg/ml, or greater than 2000 pg/iml.

43. The pharmacentcal composition of any of claims 29-42, wherein the TIL
composition is charactenized by TNF-alpha prodoction that 1s greater 300 pg/ml, greater than 1000

pg/ml, or greater than 2000 pg/mi..

44, The pharmaceutical coraposition of any of clairas 29-43, wherein the TIL
cornposition s characterized by greater than 15% CD107a+ cells, greater than 20% (D 107a cells, or

K07

greater than 25% CDO7a+ cells.

43. The pharmaceutical coraposition of any of claims 29-44, wherein the TIL
composition is characterized by granzyme B production that is greater than 13,000 pg/mL, greater
than 25,000 pg/ml., greater than 30,000 pg/ml., greater than 100,000 pg/ml., greater than 200,000

>

pg/mL., greater than 300,000 pg/ml., greater than 400,000 pg/mL or greater than 500,000 pg/ml.

5 &
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406. The pharmaceutical commposition of any of claims 29-45, wherein the TIL
composition is characterized by granzyme B production that is greater than 200,000 pg/ml., greater

than 300,000 pg/ml., greater than 400,000 pg/ml. or greater than 300,000 pg/ml.

47. The pharmaceutical composition of any of claims 1-46, wherein, the TIL composition
is characterized by at least onc of the following criteria in an in vitro co-culiure assay with peptide
joaded autologous APC:

1} TEN-y that is 50-fold or higher than a bulk TIL composition that 1s ot enriched for mumor
reactive T cells;

11} THNF-g that is 300-foid or higher than a bulk TIL composition that is pot enriched for
turnor reactive T cells; or

1t} granzyroe B that is 15-fold or higher than a bulk TIL composition that s not enwiched for

turnor reactive T cells.

48. A pharmacestical T lyrophocyte wfiltrating (TIL) composition enriched in tumor
reactive T cells, the pharmaceutical composition comprising tumor infiltrating lymphocytes
comprising CD4+ and CDE+ T cells from a tumor, wherein at least 90% of cells in the composition
are CD3+ T cells and wherein, the TIL composition is characterized by at least one of the following

criferia in an in vifre co-culture assay with peptide loaded autologous APC:

1} Ny that is S0-fold or higher than a bulk TIL composition that is pot enriched for tumor

reactive T cells;

11} THNF-g that is 300-foid or higher than a bulk TIL composition that is pot enriched for

turnor reactive T cells; or

1t} granzyre B that is 15-fold or higher from a bulk TIL composition that 1s not enriched for

turnor reactive T cells.

49. The pharmaceutical coraposition of clatm 47 or claim 48, wherein the TIL

comaposition 18 charactenzed by criteria (8) and ().

50. The pharmaceutical coraposition of clatm 47 or claim 48, wherein the TIL

composition 18 charactenzed by criteria (i) and (1),

51. The pharmacentcal composition of claim 47 or claim 48, wherein the TIL
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52. The pharmaceutical commposition of clain 47 or claint 48, wherein the TIL

composiiion is characterized by criteria (i), (31} and (in).

53. The pharmaceuntical coraposition of any of clairas 1-32, wherein the composition is

charactenized by a greater number of CD4+ T cells than CD8+ T cells,

54. The pharmacentcal composition of any of claims 1-32, wherein aratio of CD4+ T

cells to CP8+ T cells in the composition 1s between 5:1 to 1:5.

55. The pharmacentcal composition of any of claims 1-32, wherein aratio of CD4+ T
cells to CD8+ T cells in the composition is between 5:1 to 50:1, between 5:1 to 25:1, between 5:1 to
20:1, between 5:1 to 15:1, between 5:1 to 10:1, between 10:1 1o 50:1, between 10:1 to 25:1, between
10:1 10 20:1, between 10:1 to 15:1, between 15:1 to 5011, between 15:1 to 25:1, between 15:1 to 20:1,

between 20:1 to 50:1, between 20:1 to 25:1 or between 25:1 to 51

56.  The pharmaceutical composition of any of claims 1-55, wherein a ratio of CD4d+ T cells

to CD8+ T cells in the composition is at or about 10:1 to 25:1, optionally at or about 20:1.

57, The pharmaceutical composition of any of claires 1-56, wherein greater than 30% of the
CD3+ T cells, optionally greater than 50% of the CD4 and CB8+ T cells, express markers of an

effector roemory phenotype.

58. The pharmaceutical composition of any of claims 1-57, wherein greater than 75% of the

CD3+ T cells, optionally greater than 75% of the CD4 and CD8+ T cells, express markers of an

effector memory phenotype.

59. The pharmaceutical compositon of any of claims 1-58, wherein greater than 80% of the
CD3+ T cells, optionally greater than 80% of the CD4 and CD8+ T cells, express markers of an

effector memory phenotype.
60.  The pharmaceutical composition of any of claims 1-58, wherein greater than 85% of the

CD3+ T cells, optionally greater than 85% of the CD4 and CD8+ T celis, express markers of an

effector memory phenotype.
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61, The pharmaceutical composition of any of claims §-58, wherein greater than 90% of the
CD3+ T cells, optionally greater than 90% of the CD4 and CD8+ T celis, express markers of an

effector memory phenotype.

62. The pharmaceutical composition of any of claims 538-61, wherein the effector memory
pheaotype is charactenized by surface rarker expression of one or more of CR4SRA T, CD4SRGH,

CBR62L, CCR7-, CD28- and CD27-.

63.  The pharmacestical composition of any of claims 58-62, wherein the effector memory

phenotype is charactenzed by sorface marker expression CR45RAT, CB4SRO+, CDO2L, and CCRT

64. The pharmaceutical composition of any of claims 58-62, wherein the effector memory
phenotype is characterized by surface marker expression CD43RA", CD4SROY, CDO2L, CCRT,
CD28 and CD27.

65.  The pharmaceutical composition of any of claims 58-62, wherein the effector memory

phenotype is characterized by surface marker expression CD45R A and CCR7.

66.  The pharmaceutical composition of any of claims 1-05, wherein greater than 95% of the

D4+ and CD8+ T cells 1o the compostiion are PD-17.

7. The pharmeaceutical composition of any of claires 1-66, wherein greater than 80% of the

CB4+ and CD8+ T cells 1n the composition LAG3.

68.  The pharmaceutical composition of any of claims 1-67, wherein the mumber of cells in the

composition, or of viable cells thereof, is at least 2 x 107 cells.

69,  The pharmaceutical composition of any of claims 1-68, wherein the mumber of cells in the
composition, or of viable cells thereof, is between at or about 2 x 107 cells and 20 x 107 cells, 2 x 16
cells and 10 x 10° cells, 2 x 107 cells and 2 % 10% cells, 2 x 107 cellz and 2 x 10° cells, 2 x 108 cells
and 20 x 10° cells, 2 x 10% cells and 10 x 107 cells, 2 x 10° cells and 2 x 10° cells, 2 x 10 cells and 20

x 10° cells, 2 x 10° cells and 10 x 107 cells, or 10 x 107 cells and 20 x 107 cells, each inclusive.

70.  The pharmaceutical composition of any of claims 1-6%, wherein the pharmaceutical

composition is for treatment of a patient’s tamor.
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71 The pharmaccutical composition of any of claims 1-70, wherein the tumor is 2
colorectal cancer (CRC) tumor, a melanoma tumor, a non-small cell fung cancer (NSCLC) tamor, or

an ovarian cancer fmor.

72, The pharmaceutical coraposition of any of claims 1-71, wherein the tumor is from a

human subject.

73. The pharmaceutical composition of clain 72, wherein the pharmaceuntical

composition is for avtologons adoptive therapy to the haman sabject.

74. The pharmacentcal composition of any of clatms 1273, comprising &

harmaceutically acceptable excipient.
harmaceutically acceptable excipient

75. The pharmacentical composition of any of claims 1-74, comprising a cryoprotectant.
76. The pharmaceutical composition of any of claims 1-75, wherein the composition 1s 2

liquid composition.

77. The pharmaceutical composition of claim 76, wherein the composiiion had been

frozen and thawed.

78. The pharmacentical composition of any of claims §-77, wherein the volume of the

compasition is between § ol and 500 ml.

79. The pharmaceatical composition of any of claims 1-78, wherein the composition 1s

frozen.

80. A pharmacestical T lyraphocyte nfiltrating (TIL) composition enviched in tumor
reactive T cells for treatment of a patient’s tumor, the pharmacentical composition comprising a
multiclonal population of T cells comprising CD4+ and CD8+ T cells from the patient’s tamor,
wherein the population comprises at least 10 different T cell receptor (TCR) clonotypes each witha
frequency in the population of at least 2.0%; and wherein at least 90% of the cells in the composition

are CD3+ T cells.

&1, A pharmaceutical T lymphocyte infiltrating (T1L) composition enriched in thmor

reactive T cefls for treatinent of a patient’s tamor, the pharmacentical composition comprising a
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multiclonal population of T cells comprising CD4+ and CD8+ T cells front the patient’s tumor,
wherein the population comprises at least 10 different T cel receptor (TCR) clonotypes each with a
frequency in the population of at least 1.0%; and wherein at least 90% of the cells in the composition

are CD3+ T cells.

A2, The pharmaceutical coraposition of any of clairas 1-81, wherein the TIL composition
is produced by ae ex vivo method comprising expansion of twmor-reactive T cells from a donor

subject that have been co-cultured with aptologous antigen presenting cells and peptide neoantigens.

83. The pharmacentcal composition of any of claims 1-82, wherein the THL composition
1s produced by a method comprising:

a. providing dissociated tumor cells from a tamor obtamed from a donor subject,
wherein the dissociated tumor cells are a first population of T cells that comprise CD4+ and CDE+ T
cells;

b. culturing the first population of T cells with recombinant HL-2 added at a
concentration between 3000 IU/mL and 6000 UL, inclusive, for 14 to 28 days to produce a second
population of T cells;

c. co-culturing the second population of T celis for 12 to 48 hours with autologous
antigen presenting cells (APCs) with recombinant 1.2 added at a concentration of 100 1U/mL to
1000 TU/MmL o produce a third population of T cells, wherein the APCs are loaded with a pool of
peptide necantigens from the tumor, wherein each peptide is 13-40 amino acids in length and 18
Ioaded at a concentration of 100 ng/ml. per peptide, and wherein the ratic of the second population of
T cells 1o APCs is 2:1 o 1004,

d. selecting cells from the third population of T cells that are sorface positive for CD134
and/or CD137 to prodoce a fourth population of T cells; and

e. expanding tumor infilating lymphocytes (TIHLs) by incubating the fourth population
of T cells with irradiated human peripheral blood mononuclear cells (PBMCs) at a ratio of 100 to 500
IPBMC 1o cells of the fourth popualation of T cells with recombinant IL-2 added at a concentration
between 3000 1U/mL and 6000 IU/mL, inclasive, and 10 to 50 ng/mL anti-CD3 antibody (OKT3) for

12 to 16 days to produce a therapeutic composition of TiLs enriched in tumor reactive cells.

84. A frozen composition comprising the pharmaceustical composition of any of claims 1-

%3 and a cryoprotectant.

&3, A method of producing a T lymphocyte infiftrating (THL) composition enriched in

tamor reactive T cells, the method comprising:
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2. providing dissociated tumor cells from a tumor obtained from 2 donor subject,
wherein the dissociated tumor cells are a first population of T cells that comprise CD4+ and CDE+ T
cells;

b coltaring the first population of T cells with recombinaat IL-2 added at a
conceniration between about 3000 W/l and 6000 TU/mL, inclusive, for about 14 0 28 days to
produce a second population of T cells;

<. co-cultunng the second population of T cells for about 12 to 48 hours with
autologous antigen presenung cells (APCs) with recombinant {L-2 added at a concentration of 100
FU/mk to 1000 IU/m to produce a third popuolation of T cells, wherein the APCs are loaded with &
pool of peptide neoantigens from the tumor, wharein each peptide is 13-40 amino acids 10 length and
1s loaded at a concentration of 100 ng/ml per peptide, and wherein the ratio of the second population
of T cells to APCs is about 2:1 10 10:1;

d. selecting cells from the third population of T cells that are surface positive for CD134
and/or CD137 to produce a fourth population of T cells; and

e. expanding tumor infilirating lymphoeytes (T1hs) by incubating the fourth population
of T cells with irradiated buman peripheral blood mononuclear cells GPBMCs) at a ratio of about 100
to 500 iIPBMC to celis of the fourth population of T cells with recontbinant 1L.-2 added at a
concentration between about 3000 TU/mL and 6000 IU/mi, inclusive, and 10 10 50 ng/mL anti-CD3
antibody (OKT3) for 12 1o 16 days to produce a therapeutic composition of TILs enriched in tumor

reactive cells.

86. A method of treating a suhject having a cancer, the method comprising administering

to a subject having a tumor a therapentic dose of the cornposition of any of clairns 1-84.

87. The method of claim 86, wherein the therapeutically effective dose is between aboot

1 x10%and 10x 80° T celis.

88. The method of claim 86, wherein the therapeutically effective dose is from more than

1 million to less than 100 million T cells per kilogram of body weight.

89. The method of claim 86, wherein the therapeutically effective dose is from more than

1 million to less than 10 million T cells per kilogram of body weight.

90. The method of claim 86, wherein the therapeutically effective dose is from at or about

10 mifhion to at or about 50 nulbion T cells per kilogram of body weight.
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g1. The method of any of claims #6-90, wherein the cells of the therapeutic composition

are antologous to the subject.
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