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IMPROVING EFFICACY AND DURABLE RESPONSE
OF IMMUNOTHERAPY

CROSS-REFERENCES TO RELATED APPLICATIONS
{6001] This application claims the benefit of priority to US. Provisional Patent
Application No. 63/381,325, filed 28 October 2022 and titled “Efficacy and Durable Response of
Iromumotherapy”, U.S. Provisional Patent Application No. 63/386,457, filed 7 December 2022
and titled “Efficacy and Durable Response of Immunotherapy”, U.S. Provisional Patent
Application No. 63/479,877, filed 13 January 2023 and titled “Efficacy and Durable Response of
Immaunotherapy”, and U.S. Provisional Patent Application No. 63/515,492, filed 25 July 2023 and
titled “Efficacy and Durable Response of Immumnotherapy” the entireties of which are incorporated

by reference herein.

FIELD
{6082] The present application relates to CAR-T cells, methods of making thern, and
methods of using them to treat cancer.
BACKGROUND
{0003] Human cancers are by their nature comprised of normal cells that have undergone

a genetic or epigenetic conversion to become abnormal cancer cells. Cancer cells express proteins
and other antigens that are distinct from those expressed by normal cells. These aberrant tumor
antigens may be used by the body's innate immune system to specifically target and kill cancer
cells. However, cancer cells employ various mechanisims to prevent inwaune cells, such as T and
B Iymphocytes, from successfully targeting cancer cells. Human T cell therapies rely on ex-vivo,
enriched or modified human T cells to target and kill cancer cells in a subject, e.g., a patient.
Various technologies have heen developed to prepare T cell populations with enriched
concentrations of naturally occuwrring T cells capable of targeting a tamor antigen, remove
circalating tumor cells, and/or genetcally modifying T cells to specifically target a known cancer
antigen, thus producing populations of chimeric antigen receptor (CAR)-T cells for cancer
therapy. Some of these therapies have shown promising effects on tumor size and patient survival.
There exists a need for therapeutic methods atibzing {CARY-T cells for cancer therapy, including

methods comprising bridging therapies.
SUMMARY

{6604] Any aspect or embodiment described herein may be combined with any other

aspect or erbodiment as disclosed herein. While the present inventon has been described in
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conjunction with the detailed description thereof, the description is intended to illustrate and not
limit the scope of the present invention, which is partially defined by the scope of the appended
clairas. Other aspects, advantages, and modifications are within the scope of the following

embodiments/claims.

{8005] 1. A method for treating mantle cell lymphoma (MCL) or B cell ALL in a subject
in need thereof comprising administering to the subject a therapeutically effective amountof a T
cell product comprising autologous T cells expressing an anti-CP19 chimeric antigen receptor
{CAR), wherein the MCL or B cell ALL is relapsed or refractory MCL following one or more
prior {reatment selected from the group consisting of chemotherapy, radiotherapy,
immunotherapy. an autologous stem cell transplant (SCT), or any combination thereof, further
wherein the one or more prior treatment does not comprise a2 Bruton Tyrosine Kinase inhibitor

(BTK®.

{0006] 2. The method of aspect 1, wherein the subject has received 1-5 prior treatments,
wherein at least one of the prior treatments is selected from autologous SCT, anti-CD20

antibody, and/or anthracycline- or bendamustine-containing chemotherapy.

{00671 3. The method of aspect 1 or 2, wherein the BTKI is ibrutinib or acalabrutinib.
{0008] 4. The method of any one of aspects 1 through 3, wherein R/R B cell ALL i3

defined as refractory to first-line therapy (i.e., primary refractory), relapsed <12 months after
first remission, relapsed or vefractory after 22 prior Hnes of systemic therapy, or relapsed after
allogeneic SCT, wherein the subject is required to have 25% hone marrow blasts, an Eastern
Cooperative Oncology Group performance status of 0 or 1, and/or adequate renal, hepatic, and

cardiac function.

{6609] 5. The method of any one of aspects 1 through 4, wherein if the B cell ALL
subject has recetved prior blinatumomab, the subject is required to have leukemic blasts with

CD19 expression 290%.

{6016] 6. The method of any one of aspects 1 through 5, whercin the subject receives

bridging therapy after leukapheresis and before conditioning/tyraphodepleting chemotherapy.

{8011] 7. The method of any one of aspects | through 6, wherein the MCL subject

receives a lymphodepieting chemotherapy regimen of cyclophosphamide 500 mg/m?
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intravenousty and fludarabine 30 mg/m” intravenously, both given on each of the fifth, fourth,

and third days before T cell infusion.

{0612] 8. The method of any one of aspects 1 through 7, wherein the B cell ALL subject
receives a lymphodepleting regimen of fludarabine intravenous (1V) 25 mg/m*/day on each of
the fourth, third, second days before T cell infusion, and cyclophosphamide TV 900 mg/m™/day

on the second day before infusion.

{00613] 9. The method of any one of aspects 6 or 8, wherein the MCL bridging therapy is
seiected from dexamecthasone {e.g., 20 - 40 mg or equivalent PO or IV daily for 1 - 4 days);
methyiprednisolone, ibrutinib {e.g., 360 mg PO daily), and/or acalabrutinib (e.g,, 100 mg PO
twice daily); an immunomodalator; R-CHOP, bendamustine; alkylating agents; and/or platinum-
based agents, wherein the bridging therapy is administered after leukapheresis and completed in,

for example, 5 days or less before conditioning chemotherapy.

{6014 10. The method of any one of aspects 6 through &, wherein the B cell ALL

subject may receive any one or more of the following bridging chemotherapy regimens:

Predefined Bridging Chemotherapy Regimens

Attenuated VAD Vincristine non-liposomal (1-2 mg IV weekly) or liposomal (2.25
mg/m’ TV weekly), and dexamethasone 20-40 mg IV or PO daily
x 3-4 days per week. Optional doxorubicin 50 mg/m® IV x T (first

week only)

Mercaptopurise (6- | 50-75 mg/m’/day by mouth {administer at bedtime on an empty

MP) storoach to improve absorption)

Hydroxyurea Doses titrated between 15-50 mg/kz/day (rounded to the nearest
500 myg capsule and given as a single daily oral doseon a

continuous basis)

DOMP Dexamethasone § mgfmday PO (or 1V) divided BID

days 1-5, vineristine 1.5 mg/m” (maximurs dose 2 mg) TV on
day 1, methotrexate 20 mg/ni® PO weekly, 6-MP

50-75 mg/m*/day PO daily

Attenuated Fludarabine 30 mg/m? IV days 1-2, cytarabine 2 g/nm® IV days 1-
FLAG/FLAG-IDA | 2, G-CSF 5 pg/kg SC or IV starts on day 3 and can continue until

day before the start of conditioning chemotherapy. With or

without idarubicin 6 rogfm® TV days 1-2
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Mini-hyper CVAD | Course A: Cyclophosphamide 150 mg/m? every 12 h x 3 days,
{courses A and/or | dexamethasone 20 mg/d IV or PO daily days 1-4 and 11-14,
B) vineristine 2 mg IV x |

Course B: methotrexate 250 mg/m? IV over 24 hours on day 1,

cytarabine 0.5 g/m® 1V every 12 hours x 4 doses on days 2 and 3

{0015] 11. The method of any one of aspects 1 through 10, wherein the T cell product
comprises CD44 and CD8&+ CAR T cells that are prepared from peripheral blood mononuclear
cells (PBMCs) by positive enrichment and consequent partial or complete depletion of

circulating cancer celis.

{0016] 12. The method of aspect 11, wherein the PBMC are enriched for T cells by
positive selection for CD4+ and CDE&+ cells, activated with anti-CD3 and anti-CH28 antibodies
in the presence of IL-2, and then transduced with a replication-incompetent viral vector
containing FM{63-287 CAR, a chimeric antigen receptor (CAR) comprising an anti-CD19

single-chain variable fragment (scFv), CD28 and CI¥3-zeta domains.

{6017] 13. The method of aspect 11 or 12, wherein the T cell product comprises tewer
cancer cells than a T cell product comprising T cells from a leukapheresis-derived product that

have not been positively selected for CD4+ and CD8+ T cells.

{0018] 14. The method of any one of aspects 11 through 13, wherein the T cell produect
has other superior product attributes relative to a T cell product comprising T cells from a
leukapheresis-derived product that have not been positively selected/enriched for CD4+ and

CDE+ T cells.

{8019] 15. The method of aspect 14, wherein the superior product attributes are selected
from increased percentage of CDRA4S+CCR7+ (naive-like) T cels, decreased percentage of
differentiated T cells, increased percentage of CD3+ cells, decreased IFN-ganua production,

and/or decreased percentage of CD3- cells.

{00287 16. The method of any one of aspects | through 15, wherein the MCL subject is
administered one or more doses of 1.8x10°% 1.9x10°, or 2x10° CAR positive viable T cells per
kg body weight, with a maximurn of 2x10% CAR positive viable T cells (for patients 106 kg and
above) and the B cell ALL subject is administered 0.5x10°, 1x10%, or 2x30° CAR positive viable
T cells per kg hody weight, with a maxinurn of 2x10° CAR positive viable T cells (for patients

100 kg and above).



WO 2024/092152 PCT/US2023/077950

{6021] 17. The method of any one of aspects | through 15, wherein if the subject has
achieved complete response to the first infusion, the subject may receive a second infusion of
anti-CR19 CAR T cells, if progressing following >3 months of renussion, provided CD19
expression has been retained and neutralizing antibodies against the CAR are not suspected,

wherein response is assessed using the Lugano classification.

{6022] 18. The method of any one of aspects | through 17, wherein the subject is
monitored for signs and symptoms of cytokine release syndrome (CRS) and neurologic toxicity

after T cell adounistration.

{00237 19. The method of aspect 18, wherein the subject is monitored daily for at least
seven days, preferably for four weeks, following infusion for signs and symptoms of CRS and

neurologic toxicity.

{00624] 20. The method of aspect 18 or 19, wherein the signs or symptoms associated
with CRS comprise fever, chills, fatigue, tachycardia, nausea, hypoxia, and/or hypotension and
the signs ot syroptoms associated with neurologic events comprise encephalopathy, seizures,

changes in level of consciousness, speech disorders, tremors, and/or confusion.

{0025] 21, The method of any one of aspects 18 through 20, wherein cytokine release

syndrome in MCL subjects is managed in accordance with the following protocol:

CRS Grade Tocilizumab Corticosteroids

Grade 1 if not improving after 24 Not applicable.
hours, adminster tocilizamab
8 mg/kg intravenously over 1
hour (not to exceed SO0 mg).

Symptoms require
symptomatic treatment only
{e.g., fever, nausea, fatigue,
headache, ravalgia, malaise).

Grade 2 Administer tocilizumab 8 Manage per Grade 3
mg/ky intravenously over 1 if no improvement

hour {not to exceed 300 mg). within 24 hours after
starting tocilizumab.

Syraptoms require and
respond to moderate
intervention. Repeat tocilizumab every 8

o i hours as needed if not If improving, taper
Oxygen requirerent less than >

40% FiO2 or hypotension !’LSP( nsm‘, to intravenous fluids corticosteroids
OF Increasing suppiemcmai

responsive to fluids or fow
dose of one vasopressor or
Crrade 2 organ toxicity.

oxygen. Limit to a maxiraum of
3 doses in a 24-hour period;
maximum total of 4 doses if no
clinical improvement in the
signs and symptoms of CRS.




Symptoms require and
respond to aggressive
itervention.

Oxygen requirement greater
than or equal to 40% K02 or
hypotension requiring high-
dose or raultiple vasopressors
or Grade 3 organ toxicity or
Grade 4 transaminitis.
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If improving,
discontinue
tocilizumab.
Grade 3 Per Grade 2 Administer

methylprednisolone 1
mg/kg intravenously
twice daity or
equivalent
dexamethasone {e.g.,
10 mg intravenously
every 6 hours) until
Grade 1, then taper
corticosteroids.

I improving, manage
as Grade 2.

I not improving,
manage as Grade 4.

Grade 4
{ife~-threatening symptoms.

Requirements for ventilator
suppott of CONINUOUS veno-
venous hemodialysis
{CVVHD), or Grade 4 organ
toxicity (excluding
transaminitis}.

Per Grade 2

Adrinister
methylprednisolo
ne 1000 mg
intravenously per
day for 3 days.

I improving, taper
corticosteroids, and
roanage as Grade 3.

Hnot
improving,
consider
alternate
IMTUNOSUPPrES
sants.

{6026]

in MCL subjects is managed in accordance with the following protocol:

22. The method of any one of aspects 18 through 21, wherein neurologic toxicity

Grading
Assessm

Concurrent CRS

No Concurrent CRS

-6~
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ent

Grade 2

Administer tocilizumab per claim
e 7}

15 for oanagement of Grade 2
CRS.

H not improving within 24 howrs after
starting tocilizamab, administer
dexamethasone 10 mg intravenously
every 6 hours until the event is Grade 1
or less, then taper corticosteroids.

if still not improving, manage as {rade 3.

Administer dexamethasone 10
mg intravenously every 6
hours unti} the event is Grade
1 or less, then taper
corticosteraids.,

Consider non-sedating anti-seizure medicines (¢.g., levetiracetam) for

seizure prophylaxis.

Grade 3

Administer toctlizumab per claim
15 for management of Grade 2
CRS.

in addition, admoinister dexamethasone 10
mg intravenousty with the first dose of
tocilizurnab and repeat dexamethasone
dose every 6 hours. Continue
dexamethasone use until the event is
Grade 1 or less, then taper
corticosteroids.

H improving, discontinue
tocilizumab and manage as Grade 2.

i still not traproving, manage as
Grade 4 (below).

Administer
dexamcthasone 10
mg infravenously
every 6 hours.

Continue dexamethasone use
until the event is Grade 1 or
less, then taper corticostercids.

If not improving, manage as
Grade 4.

Consider non-sedating anti-seizure medicines (e.g.. levetiacetam) for

seizure prophylaxis.

Grade 4

Administer toctlizumab per claim
15 for management of Grade 2
CRS.

Administer methylprednisolone 1000 mg
intravenously per day with first dose of
toctlizarnab and continue
methylprednisoione 1000 mg
intravenously per day for 2 more days.

If improving, then manage as Grade 3.

Administer
methylprednisolone 1000
rog intravenously per day
for 3 days.

If iraproving, then manage as
Grade 3.

I not improving,
consider alternate
immunosappressants
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if not traproving, consider
alternate inununosuppressants.
Consider non-sedating anti-seizure medicines {e.g., levetiracetam) for
seizure prophylaxis.
{80271 23. The method of any one of aspects | through 22, wherein the MCL subject is a

high-risk patient as determined by a Ki-87 tumor proliferation index >50% and/or presence of a

TP53 nustation.

{6028]

ALL subject is managed according to the following protocol:

24. The method of any one of aspects 18 through 20, wherein CRS ina B cell

CRS Grade

Tocltzanmab

Corticosteroids

Grade 1

Symptoms require
symplomatic treatment only
{e.g., fever, nauses, fatigue,
headache, moyalgia, malaise).

If not improving after 24
hours, administer tocilizumab
8 mg/kg intravenously over 1
hour (not to exceed 800 mg).

Not applicable.

Grade 2

Symptoms require and
respond to moderate
intervention.

Oxygen requirement less than
40% FiO7Z or hypotension
responsive to fluids or low
dose of one vasopressor or
Grade 2 organ toxicity.

Adrinister tocilizumab §
mglkg intravenously over 1
hour (not to exceed 800 mg).

Repeat tocilizumab every &
howrs as needed if not
responsive to intravenous fhids
or increasing supplemental
oxygen. Limit to a maxiowin of
3 doses in a 24-hour period;
maximum total of 4 doses if no
clinical improvement in the
signs and symptoms of CRS.

if improving,
discontinue

Manage per Grade 3
if no improvement

within 24 hours after
starting tocilizumab.

If improving, taper
corticosteroids.

-8~
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tocilizumab.
Grade 3 Per Grade 2 Administer
methylprednisolone 1
Symoptormas require and mg/kg intravenously
'('C’,Spi'}ﬂd {0 ?lggffESSiVC twice (jaﬂy ot
mtervention., e pvalent
] dexamethasone {e.g.,
Oxygen requirement greater 10 myg intravenously
than or equal to 40% FO2 or every 6 hours) until
hypotension requiring bigh- Grade 1, then taper
dose or multiple vasopressors corticosteraids.
or Grade 3 organ toxicity or
Crade 4 transaminitis. If improving, manage
as Grade 2.
If not tmproving,
manage as Grade 4.
Grade 4 Per Grade 2 Administer
methylprednisolo
Life-threatening symptoms. ne 1000 mg
intravenously per
Requirements fpx ventiator day for 3 days.
sapport or CONTINUGUS Veno-
venous hemodialysis If improving, taper
(CVVHD), or Grade 4 organ corticosteroids, and
toxicity (excluding manage as Grade 3.
fransaninitis}.
If not
improving,
consider
alternate
(MHNUROSUPPres
sants.
{00257 25. The method of any one of aspects 18 through 20 and 24, wherein neurologic

toxicity in a B cell ALL subject is managed according to the following protocol:
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NE Revised Management
Grade Original Management Guidelines Guidelines

#  Supportive care #  Supportive care
y e Neurological examination and e Closely monitor neurologic
Grade L o
1 additional work-up as clinically status

indicated

¢ (Consider prophylactic
antieptleptic

Supportive Care and Evaluation

&

Neurological examination, brain MRI,
and evaluation of CSF; consider EEG ag
clinically indicated

Consider propbylactic anticpileptic

Supportive Care and Evaluarion

¢ Continuous cardiac telemetry
and pulse oximetry as
indicated

&  Serial neurnlogical
examinations to include
fundoscopy and Glasgow
Corpa Score, brain MR1,
evaluation of CSF, EEG;
consider neurology consult

¢ Administer antiepileptics for
patients with seizures

Consider tocilizomab 8 mg/kg IV over 1
hour (not to exceed 800 mg) for patients
with comorbid conditions (eg, grade 22
CRS)

Tocilizumab

¢ For patients with
concurrent CRS, administer
tocilizumab 8 mg/kg TV over
1 hour {not to exceed R0
mg); repeat every 4-6 hours
as needed if not responsive to

IV fluids or increasing
supplemental oxygen, for a
maximum of 3 doses in 24
hours

e [scontinue tocilizaroab if
paticnt raproves

Corticosteroidy

8

N/A

Corticosteroids

®  For patients without
concurrent CRS, administer
dexamethasone 10 mg IV
every 6 hours

® For patients with concurrent
CRS, if no improvement
within 24 hours after starting
tocilizumab, administer

- 18-
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dexamethasone 10 mg IV
every 6 hours
&  Taper corticosteroids if
patient improves
Supportive Care and Evaluation Supportive Care and Fyvaluation
®  Pergrade 2 ® Manage in monitored care or
¢ Monitor with continuous cardiac Iy
telemetry and pulse oximetry
¢ (onsider toctlizumab 8 mg/kg IV over 1 | #  Per grade 2
Grade hour (not to exceed 800 mg); repeat ¢ Discontinue tocilizamab if
3 every 4-0 hours if symptoms have not patient improves
stahilized or improved
Corticosteroids Corticosteroids
e Consider corticosteroids (eg, e Admimster dexamethasone 10
dexaroethasone 10 rog TV every 6 hours mg IV every 6 hours
or methylprednisolone 1 mg/kg BID) ¢ Taper corticosteroids if
for worsening symptoms despite patient uproves
tocilizumab
Supportive Care and Evaluation Supporiive Care and Evaluation
& Per grade 2 »  Per grade 3
e Monitor with continuous cardiac e Mechanical ventilation may
telemetry and pulse oximetry be required
¢ Administer
immunosuppresants if patient
does not improve
Tocilizumab Tocilizumab
Grade . . .
4 s  Administer tocilizumab per grade 3 if & Per grade 2
not previously administered
5 ds
¢ Administer corticostercids (eg,
methylprednisolone 1g/d x 3 days, cotticosteroids (eg,
followed by 250 mg BID x 2 days, then methylprednisone 1g/d x 3
125 mg BID x 2 days, then 60 rag BID days)
x 2 days) ¢ Taper corticosteroids if
patient improves
{00387 26. The method of any one of aspects | through 25, wherein the B cell ALL

subject may receive any one or more of the following bridging chemotherapy regimens:

-1i-
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Predefined Bridging Chemotherapy Regimens

Attenuated VAD Vincristine non-liposornal (1-2 g IV weekly) or liposomal (2.25
mg/m? IV weekly), and dexamethasone 20-40 mg IV or PO daily
X 3-4 days per week. Optional doxorubicin 50 mg/m? £V x 1 (first

week only)

Mercaptopurine (6- | 50-75 mg/m%/day by mouth (administer at bedtime on an empty

MP) stomach to improve absorption)

Hydroxyurea Doses titrated between 15-30 mg/kg/day (rounded to the nearest
SO0 rog capside and given as a single daily oral dose on a

contingous basis)

BOMP Dexamethasone 6 mg/m*/day PO {or IV) divided BID

days 1-5, vincristine 1.5 mg/m® {maximum dose 2 mg) IV on
day 1, methotrexate 20 mg/m’ PO weekly, 6-MP

50-75 mg/m?fday PO daily

Attenuated Fludarabine 30 mg/m?® 1V days 1-2, cytarabine 2 g/m?® IV days 1-
FLAG/FLAG-IDA | 2, G-CSF S ug/kg SCor TV starts on day 3 and can continue until
day before the start of conditioning chemotherapy. With or

without idarubicin 6 mg/m® IV days 1-2

Mini-hyper CVAD | Course A: Cyclophosphamide 150 mg/m? every 12 h x 3 days,
{courses A and/or dexamethasone 20 mg/d IV or PO daily days 1-4 and 11-14,
B vincristine 2 mg IV x i

Course B: methotrexate 250 mg/m™ IV over 24 hours on day 1,

cytarabine 0.5 g/m” IV every 12 hours X 4 doses on days 2 and 3

{0031] 27. Autologous T cells expressing an anti-CD19 CAR for ase in a method for
treating mantle cell lymphoma (MCL) or B cell ALL according to any one of aspects | through

26.

{0032] 28. Use of autologous T cells expressing an anti-CD1% CAR in the manufacture
of a medicament for treating mantle cell lymphoma (MCL) or B celi ALL according to any one

of aspects 1 through 26.

{6633] 29. A method for treating mantle cell lymphoma (MCL) in a subject in need
thereof comprising administering to the subject a therapeutically effective amount of 2 T cell
product comprising autologous T cells expressing an anti-CD9 chimeric antigen receptor
(CAR), wherein the MCL is relapsed or refractory MCL and the last prior therapy was less than

60 months prior to administration of the T cell product.

-12-
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{6034] 30. The method of aspect 29, wherein the MCL is refractory to, or has relapsed
following, one or more of chemotherapy, radiotherapy, imraunotherapy (including a T ccli
therapy and/or treatment with an antibody or antibody-drug conjugate), an aufologous stem cell

transplant, or any combination thereof.

{8035] 31. The method of aspect 29 or 30, wherein the subject has received 1-3 prior
treatments, wherein at least one of the prior treatments is selected from autologous SCT, anti-
D20 antibody, anthracycline- or bendanwstine-containing chemotherapy, and/or a Bruton

Tyrosine Kinase inhibitor (BTKi).
{6036 32. The method of aspect 31, wherein the BTKI is ibrutinih.

{0037] 33. The method of aspect 32, wherein ibrutinib was the last treatment prior to

administration of the T cell product.

{038} 34. The method of any one of aspects 29 through 33, wherein the subject has not
received bridging therapy after leukapheresis and before conditioning/lymphodepleting

chemotherapy.

{060639] 35. The method of any one of aspects 29 through 34, wherein the subject has not

received prior platinum therapy.

{0048] 36. The method of any one of aspects 29 through 35, the subject receives a
lymphodepleting chemotherapy regimen of cyclophosphamide 500 mg/m” intravenously and
fludarabine 30 mg/m? intravenously, both given on each of the fifth, fourth, and third days

before T cell infusion.

{0041] 37. The method of any one of aspects 29 through 36, wherein the T cell product
comaprises CD4+ and CD8+ CAR T cells that are prepared from peripheral blood mononuclear
celis (PBMCs) by positive enrichment and consequent partial or coraplete depletion of

circulating cancer cells.

{8042] 38. The method of aspect 37, wherein the PBMC are enviched for T cells by
positive selection for CD4+ and D&+ cells, activated with anti-CD3 and anti-CD28 antibodies
in the presence of IL-2, and then transduced with a replication-incompetent viral vector
containing FMCG3-287 CAR, a chiroeric antigen receptor (CAR) comprising an anti-CD19

single-chain variable fragment (scBv), CD28 and CD3-zeta domains.

-13-
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{0043] 39. The method of aspects 37 or 38, wherein the T cell product comprises fewer
cancer cells than a T cell product comprising T cells from a leukapheresis-derived product that

have not been posttively selected for CD44+ and CDE+ T cells,

{0044} 40. The method of any one of aspects 37 o 39, wherein the T cell product has
other superior product attributes relative to a T cell product comprising T cells from a
leukapheresis-derived product that have not been positively selected/enriched for CD4d+ and

CD8+ T cells.

{06045] 41. The method of aspect 40, wherein the superior product attributes are selected
from increased percentage of CDRA4SHCCRT+ (naive-like) T celis, decreased percentage of
differentiated T cells, increased percentage of CD3+ cells, decreased IFN-gamma production,

decreased percentage of CD3- cells.

{0046] 42. The method of any one of aspects 29 through 41, wherein the sabject is
administered one or more doses of 1.8x10°% 1.9x10°, or 2x10° CAR positive viable T cells per
kg body weight, with a maxinum of 2x10° CAR positive viable T cells (for patients 100 kg and

above).

{0047] 43. The method of any one of aspects 29 through 42, wherein if the sabject has
achieved complete response to the first infusion, the subject may receive a second infusion of
anti-CD19 CAR T celis, if progressing following >3 months of remission, provided CD 19
expression has been retained and neutralizing antibodies against the CAR are not suspected,

wherein response is assessed using the Lugano classification.

{00438] 44. The method of any one of aspects 29 through 43, wherein the sabject is
monitored for signs and symptoms of cytokine release syndrome (CRS) and neurologic toxicity

after T cell administration.

{0049] 43, The method of aspect 44, wherein the subject is monitored daily for at least
seven days, preferably for four weeks, following infusion for signs and symptoros of CRS and

neurclogic toxicity.

{6056] 46. The method of any one of aspects 44 and 45, wherein the signs or svmptoms
associated with CRS comprise fever, chills, fatigue, tachycardia, nausea, hypoxia, and/or

hypotension and the signs or symptoms associated with neurologic toxicity comprise

.14~
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encephalopathy, seizures, changes in level of consciousness, speech disorders, tremors, and/or

confusion.

{0051]

47. The method of any one of aspects 44 to 46, wherein cytokine release

syndrome in MCL subjects is managed in accordance with the following protocol:

CRS Grade

Toctlizumab

Corticosteroids

Grade 1

Syroptoms require
symptomatic treatment only
{c.g., fever, nausea, fatigue,
headache, myalgia, malaise).

If not improving after 24
hours, administer tocilizumab
& mg/kg intravenously over |
hour (not to exceed 800 mg).

Neot applicable.

Grade 2

Syroptoms require and
respond to moderate
intervention.

Oxygen requirernent less than
40% FiQ2 or hypotension
responsive to fluids or low
dose of one Vasopressor or
Grade 2 organ (OXicity.

Admimster tocilizamab 8
mg/kg intravenously over 1
hour (not to exceed §00 mg).

Repeat tocilizumab every 8
hours as needed if not
responsive (o intravenous fluids
or increasing supplemental
oxygen. Limit to a maximum of
3 doses inn a 24-howr period;
moaximum total of 4 doses if no
clinical improvement in the
signs and symptoms of CRS.

If iroproving,

discontinue

tocilizumab.

Manage per Grade 3
if no tnoprovement

within 24 hours after
starting tocilizumab.

If improving, taper
corticosteroids.

Grade 3

Symptoms require and
respond (o aggressive
ntervention.

Oxygen requirement greater
than or egual to 40% FO2 or
hypotension requiring high-
dose or raultiple vasopressors
or Grade 3 organ toxicity or
Grade 4 transaminitis.

Per Grade 2

Administer
roethylprednisolone 1
mg/kg intravenously
twice daily or
equivalent
dexamethasone {e.g.,
10 mg intravenously
every 6 hours) until
Grade 1, then taper
corticosteroids.

I improving, manage
as Grade 2.

i not improving,
manage as Grade 4.
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Grade 4

Life-threatening syroptoms.

Requirements for ventilator
SUPPOrE OF CONLINEOUS Veno-
venous hemodialysis
(CYVHD), or Grade 4 organ
foxicity (excluding
fransaminitis).

Per Grade 2

Admunister
racthylprednisolo
ne 1000 rog
intravenously per
day for 3 days.

I improving, taper
corticosteroids, and
manage as Grade 3.
oot

improving,
consider

alternate
INTNUROSUPpres
sanis.

{6052]

48. The method of any one of aspects 44 through 47, wherein neurologic toxicity

in MCL subjects is managed in accordance with the following protocol:

Grading
Assessme
ni

Concarrent CRS

Ne Cencurrent CRS

Grade 2

Administer tocilizomab per claim
15 for management of Grade 2
CRS.

{f not improving within 24 howrs after
starting tocilizumab, administer
dexamethasone 10 mg intravenously every
6 hours until the event is Grade 1 or less,
then taper corticosteroids.

If still not improving, manage as Grade 3.

Administer dexamethasone 10
myg intravenously every 6 hours
until the event is Grade | or less,
then taper corticosteroids.

Couvsider non-sedating aoti-seizure medicines
prophviaxis.

{e.z., levetiracetam) for seizute

Grade 3

Administer tocilizamab per claim

15 for management of Grade 2

CRS.

in addition, administer dexamethasone 10
mg intravenously with the first dose of
tocilizumab and repeat dexamethasone dose
every 6 hours. Continue dexamethasone use
until the event is Grade 1 or less, then taper
corticosteroids.

If improving, discontinue tocihizumab
and manage as Grade 2.

If still not improving, manage as
Grade 4 (below).

Administer

dexamethasone 10 mg
intravenously every 6

hours,

Continue dexarmethasone use
until the event is Grade | or less,
then taper corticosteroids.

It not improving, manage as
Grade 4.
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Consider non-sedating anti-seizure medicines (e.g., levetiracetam) for seizure

prophylaxis.

Grade 4 Adnunister tocizomab per claim Administer
15 for management of Grade 2 methylprednisolone 1000
CRS. mg intravenously per day

Administer methylprednisolone 1000 mg for 3 days.

infravenously per day with first dose of If iroproving, then manage as
tocilizumab and continve Grade 3.
niethylprednisolone 1000 mg intravenously

" if not improving,
per day for 2 more days. : 5

consider alternate
If improving, then manage as Grade 3. UNIIUNOSUPpressants.

If not improving, consider
alternate mmunosuppressants.

Consider non-sedating anti-seizure medicines {(e.g., levetiracetam) for seizure
prophylaxs.

{6053] 49. The method of any one of aspects 29 through 48, wherein the subject is a
high-risk patient as determined by a Ki-67 tumor proliferation index >350% and/or presence of a

TE£53 muotation.

[0054] S0. Autologous T cells expressing an anti-CD19 CAR for use in a method for

treating MCL according to any one of aspects 29 through 49.

{0055] 51, Use of autologous T cells expressing an anti-CD19 CAR in the manufacture

of a medicament for treating MCL according to any one of aspects 29 through 50.

{0056] 52. A method for treating a cancer selected from the group consisting of
Waldenstrom Macroglobulineraia, Richter Transtormation, Burkitt Lymphoraa, and Hairy Cell
Leukemia in a subject in need thercof comprising administering to the subject a therapeutically
etfective amount of a T cell product comprising autologous T cells expressing an anti-CD19
chimeric antigen receptor (CAR), wherein the subject receives bridging therapy after

teukapheresis and before conditioning/lymphodepleting chemotherapy.

{80871 53. The method of aspect 52, wherein the cancer is refractory fo, or has relapsed
following, one or moore of chemotherapy, radiotherapy, iramunotherapy, an autologous sterg cell

transplant, or any combination thereot.

{0058] S4. The method of aspect 52 or 33, wherein the bridging therapy is completed 27

days or 5 halt-fives before a conditioning chemotherapy.
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{0055] 55. The method of any one of aspects 52 to 34, wherein the subject receives a
lymphodepleting chemotherapy regimen of cyclophosphamide 500 mg/m? intravenously and
fludarabine 30 mg/ro” intravenously, both given on each of the fifth, fourth, and third days

before T cell infusion.

{B068] 56. The method of any one of aspects 52 to 53, wherein the cancer is Richter
Transformation and the bridging therapy is selected from the group consisting of Rituximab,
Cyclophosphamide, Hydroxydaunorubicin hydrochloride, vincristine, and Preduisone {(R-
CHOP); Dose Adjusted Etoposide, Prednisone, Vineristine, Cyclophospharmide, Doxornubicin,
and Ritaximab (DA-EPOCH-R); Bruton Tyrosine Kinase inhibitor (BTKi) (BTKD = VTX-

2337; dexamethasone; and irradiation.

{0061 ] 57. The method of any one of aspects 52 to 35, wherein the cancer is Burkitt
Lymphoma and the bridging therapy is selected from the group consisting of Rituximab,
Tfosfamide, Carboplatin, and Etoposide (R-ICE); Dose Adjusted Etoposide, Prednisone,
Vincristine, Cyclophosphamide, Doxorubicin, and Riteximab (DA-EPOCH-R); Rituximab,
Gemeitabine, and Oxaliplatin (R-GEMOX); cyclophosphamide, vincristine sulfate, doxorubicin

hydrochloride, and dexamethasone (HyperCVAD); dexamethasone; and trradiation.

{6062] 58. The method of any one of aspects 52 0 55, wherein the cancer s

Waldenstrom Macroglobulinemia and the bridging therapy is ibrutinib.

{0063] 59. The method of any one of aspects 52 to 38, wherein the T cell product
comprises CD4+ and CH8+ CAR T cells that are prepared from peripheral blood mononuclear
cells (PBMCs) by positive enrichment and consequent partial or complete depletion of

circulating cancer celis.

[06064] 61). The method of aspect 38, wherein the PBMC are enriched for T celis by
positive selection for CD44+ and CD8+ cells, activated with anti-CD3 and anti-CD28 antibodies
in the presence of IL-2, and then transduced with a replication-incompetent viral vector
containing FMCG3-287 CAR, a chimeric antigen recepior {CAR) comprising an anti-CD 19

single-chain variable fragroent (scbv}), CD28 and CD3-zeta dorains.

{0065] 61. The method of aspects 59 or 60, wherein the T cell product coraprises fewer
cancer cells than a T cell product comprising T cells from a leukapheresis-derived product that

has not been positively selected for CD4+ and CD8+ T cells.
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{8066] 62. The method of any one of aspects 59 to 61, wherein the T cell product has
other superior product attributes relative to a T cell product comprising T cells from a
leukapheresis-derived product that have not been positively selected/enriched for CD4+ and

CDE+ T cells.

{8067] 63. The method of aspect 62, wherein the superior product attributes are selected
from increased percentage of CDRA4S+CCR7+ (naive-like) T cells, decreased percentage of
differentiated T cells, increased percentage of CD3+ cells, decreased IFN-ganmma production,

decreased percentage of CD3- cells.

{0068] 64. The method of any one of aspects 52 through 63, wherein the subject is
administered one or more doses of 1.8x10°% 1.9x10°, or 2x10° CAR positive viable T cells per
kg body weight, with a maximum of 2x10° CAR positive viable T cells (for patients 100 kg and

above).

{6069 65. The method of any one of aspects 52 through 64, wherein the subject is
monitored for signs and symptoras of cytokine release syndrome (CRS) and neurologic toxicity

dfter T cell administration.

{0076] 66. The method of aspect 65, wherein the subject is monitored daily for at least
seven days, preferably for four weeks, following infusion for signs and symptoms of CRS and

neurologic 10Xicity,

{0071] 67. The method of aspect 65 or 66, wherein the signs or symptoms associated
with CRS include fever, chills, fatigue, tachycardia, nausea, bypoxia, and hypotension and the
signs of symptorns associated with neurologic events inchide encephalopatby, seizures, changes

in level of conscisusness, speech disorders, tremors, and confusion.

{6072] 68. Autologous T cells expressing an anti-CDNES CAR for use in a method for

treating cancer according to any one of aspects 52 to 67.

{0073] 69. Use of avtologous T cells expressing an ant-CD19 CAR in the manufacturing

of a medicament for treating cancer according 0 any one of aspects 52 through 67.

{6074] 70. A method for treating a cancer in a subject in need thereof wherein the
subject has previously been administered a first T cell product comprising autologous T cells
expressing an anti-CD19 chimeric antigen receptor (CAR), further wherein a peripheral blood

sample has been taken from the subject after administration of the first T cell product,
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comprising {(a) measuring the level of CD8+CD27-CL28+T-cells in the blood sample,
and (b) if the level of COR+CD27-CD28+T-cells in the blood sample is elevated, administering

to the subject a second T cell product.

{8075] 71. A method for freating a cancer in 2 subject in need thercof wherein the
subject has previously been adrministered a fivst T cell product comprising autologous T cells
expressing an anti-CD19 chimeric antigen receptor {CAR). further wherein a peripheral blood
sample has been taken from the subject after administration of the first T cell product,
coraprising (a) measuring the level of CDB+CCRT7-CD4SRA+CD27-CD28+T-cells in the blood
sample,

and (b} if the level of CDE+HTCRT-CD4SRA+CD27-CD2Z28+T-cells in the blood sample is

clevated, administering to the subject a second T cell product.

{6076] 72. The method of aspect 70 or 71, wherein the first T cell product comprises
CD4+ and CDE+ T cells that have been prepared from peripheral blood mononaclear cells
{(PBMCs) by positive enrichment and consequent partial or complete depletion of circulating

cancer cells.

{0077} 73. The method of aspect 72, wherein the CD4+ and CD8+ T cells have heen
activated with anti-CD3 and anti-CD28 antibodies in the presence of H.-2, and then transduced
with a replication-incompetent viral vector encoding, a chimeric antigen receptor (CAR)

comprising an anti-CD19 single-chain variable fragment (scEFv), CD28 and CD3-zeta domains.

{0078] 74. The method of any one of aspects 70 to 73, wherein the cancer is selected
from the group consisting of mantle cell lymphoma (MCL), B cell ALL, Waldenstrom

Macroglobulinemia, Richter Transformation, Burkitt Lymphoma, and Hairy Cell Leukemia.

{60791 75. The method of aspect 74, wherein the cancer is MCL.
{0088] 76. The method of any one of aspects 70 to 75, wherein the blood saraple has

been taken from the subject between day 5 and 9 after administration of the first T cell product.

{6081} 77. The method of aspect 76, wherein the blood sample has been taken from the

subject between day 6 and 8 after administration of the first T cell produet.

{0082] 78. The method of aspect 77, wherein the blood sample has been taken from the

subject on Day 7 after adrmimstration of the first T cell product.
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{0083] 79. The method of any one of aspects 70 to 73, wherein the blood sample has
been taken from the subject between day 12 and 16 after administration of the first T cell

product.

{(084] 80. The method of aspect 79, wherein the blood sample has been taken from the

subject between day 13 and 15 after administration of the first T cell product.

{B085] &1. The method of aspect 80, wherein the blood sample has been taken from the

sibject on Day 14 after administration of the first T cell product.

{60861 82. The method of aspect 70, wherein an elevated level of CDB+CD27-CD28+T-
cells for the subject is determined by comparison to other subjects whe have received a
coraparable T cell product and have had a peripheral blood sample taken on the same day after T

cell product administration.

{60871 83. The method of aspect 71, wherein an elevated level of CDE+CCRY-
CD4SRA+CD27-CD28+T-cells for the subject is determined by comparison to other subjects
who have received a comparable T celi product and have had a peripheral blood sample taken on

the same day after T cell product administration.

{0088] 84. The method of any one of aspects 70 to 83, wherein the second T cell product
is selected from the group consisting of an autologous CR19/CD20 bi-cistronic T-cell product

and an allogenic T-cell product.

{6089] 85. A T-cell product for use in a method for treating cancer according to any one

of aspects 70 to 84.

{60561 86. Use of a T-cell product in the manufacture of a medicament for treating

cancer according to any one of aspects 70 to 84,

{0091] 87. A method for monitoring a subject who has previously been administered a
first T cell product comprising autologous T cells expressing an ant-CD19 chimeric antigen
receptor (CAR), comprising

{a) taking a blood sample from the subject after administration of the first T cell produet,

{b) measuring the fevel of CDE+CD27-CD28+T-cells in the blood sample, and

{¢) prescribing a course of treatment based on the level of CRE+CD27-CH28+T-cells in the
blood sample, wherein if the level of CDB4+CD27-CD28+T-cells is elevated then a second T cell

product is administered.
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{6092] 88. A method for monitoring a subject who has previously been administered a
first T cell product comprising autologous T cells expressing an anti-CD 19 chimeric antigen
receptor (CAR), comprising

(a) taking a blood sample from the subject after administration of the first T cell product,

(b) measuring the level of COS+CCR7-CD4SRA+CD2T-CD28+T-cells in the blood sample, and
{c) prescribing a course of treatment based on the level of CDR+CCRT-CDESRA+CDZT-
CD28+T-cells in the blood sample, wherein if the level of CDB+CCR7-CD4SRA+CD27-

CD28+T-cells is elevated then a second T cell product is administered.

{60493] 29, A method for monitoring a subject who has previously been adnunistered a
first T cell product comprising autologous T cells expressing an anti-CD19 chimeric antigen
receptor (CAR), coraprising

{(a) taking a blood sample from the subject after administration of the first T cell produet,

{b) measuring the level of CD27+CD28- CD4+ CD3+ T-cells in the blood sample, and

{c) prescribing a course of {reatment based on the level of CD27+CD28- CD44 CD3+ T-cells in
the blood sample, wherein if the level of CD27+CD28- CD4+ CO3+T-cells is clevated then a

second T cell product is not administered.

{6094] 90. A method for monitoring a subject who has previously been adroinistered a
first T cell product comprising autologous T cells expressing an anti-CED19 chimeric antigen
receptor (CAR), comprising

{(a) taking a blood sample from the subject after administration of the first T cell product,

(b) measuring the level of PDI+ CCR7+CD45RA- CD&+ CD3+ T-cells in the blood sample,
and

(¢} prescribing a course of treatment based on the level of PO+ CCRT+CD45RA- CD8+ CD3+
T-cells in the blood sample, wherein if the level of PD1+ CCR7+CD45SRA- CB&+ CD3+ T-cells

is clevated then a second T cell product is not administered.
BRIEF DESCRIPTION OF THE BRAWINGS

{6095] Figure 1 illustrates the ZUMA-2 study design. The superscripts are defined as
follows: * Administered after leukapheresis and completed >5 days before initiating conditioning
chemotherapy; PET-CT was required postbridging. ¥ Bone marrow biopsy was to be done at
screening and, if positive, not done, or indeterminate, a biopsy was needed to confirm CR. © After
3 months, only targeted AEs (pewrological, hematological, infections, GVHD, astoimmune

disorders, and secondary malignancies) were monitored and reported for 15 years after the initial
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anii-CD19 CAR T-cell infusion or until disease progression or initiation of subsequent anticancer

therapy, whichever occurs first,

{0096] Figure 2 illustrates patient response disposition at 24-month assessment. Complete

response {CR). Partial respounse (PR).
DETAILED DESCRIPTION

{0057] Except as otherwise expressly provided herein, each of the following terms shall
have the meaning set forth below. Additional definitions are set forth throughout the application.
Unless defined otherwise, all technical and scientific terms used herein have the meaning as
commonly understood by one of ordinary skill in the art. For example, the Concise Dictionary of
Biomedicine and Molecular Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary
of Cell and Molecudar Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary of
Biochemistry and Molecular Biology, Revised, 2000, Oxford University Press, provide one of

skill with a general dictionary of many of the terms used in this application.

[0098] Units, prefixes, and symbols are denoted in their Systeme International de Unites
{S1} accepted form. Numeric ranges are inclusive of the numbers defining the range. The
disclosure provided herein are not limitations of the various aspects of the application, which may
be by reference to the specification as a whole. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as componly understood by one of ordinary

4o

skill in the art to which this disclosure is related. For example, Juo, “The Concise Dictionary of
Biomedicine and Molecular Biology”, 2nd ed., (2001), CRC Press; “The Dictionary of Cell &
Molecular Biology”, 5th ed.. (2013), Academic Press; and “The Oxford Dictionary Of
Biochemistry And Molecular Biology”, Cammack et al. eds., 2nd ed, (2006}, Oxford University

Press, provide those of skill in the art with a general dictionary for many of the terms used in this

disclosure.
{0099 The articles "a" or "an” refer to "one or more” of any recited or enumerated
coraponent.
i ] c terras "about C ising essentially ofe a valuc or ¢ O81ELD
G100 The terms "about” or "comprising essentially of” refer to a value or composition

that is within an acceptable ercor range for certain value or coraposition as determined by one of
ordinary skill in the art, which will depend in part on how the valoe or composition is measured
or determined, ie., the limitations of the measuwrement system. For example, "about” or

"comprising essentially of" may mean within 1 or more than 1 standard deviation per the practice
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in the art. Alternatively, "about” or "comprising essentially of " may mean a range of up to 10%
{i.e., £10%). For example, about 3mg may include any number between 2.7 mg and 3.3 mg (for
10%). With respect to biological sysicms or processes, the terms may roean up o an oxder of
magnitude or up to 5-fold of a value. When certain values or compositions are provided in the
application and claims, unless otherwise stated, the meaning of "about” or "comprising cssentially
of” include an acceptable ervor range for that value or composition. Any concentration range,
percentage range, ratio range, or integer range inchudes the valoe of any integer within the recited
range and, when appropriate, fractions thereof (such as one-tenth and one-hundredth of an

integer}, unless otherwise indicated.

{6101} Unless specifically stated or obvious from context, as used herein, the term “or” is
understood to be inclusive and covers both “or” and “and”. The term "and/or” refer to each of the
two specified featires or components with or without the other. Thus, the term "and/or" as ased
in a phrase such as "A and/or B" herein 1s intended to include "A and B." "A or B," "A" {alone),
and "B (alone). Similarly, the term "and/or” as used in a phrase such as "A, B, and/or C" &5
intended to encompass cach of the following aspects: A, B, and C A B, or G Aor G Aor B B

or C; Aand C; A and B; B and C; A (alone); B {alone); and  (alone).

{6142] The terms “e.g.,” and “i.e.” are used merely by way of example, without limitation
intended, and not be construed as referring only those items explicitly enumerated in the

specification.

{31031 The terms “or more”, “at least”, “more than”, and the like, e.g., “at least onc”
include but not be linuted to atleast 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 1§, 1¢
20, 21,22, 23,24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71,
72,73, 74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, §6, 87, 8, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 116,120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149 or 150, 200, 300, 400, 500, 600,
700, 800, 900, 1000, 2000, 3000, 4000, 53000 or more than the stated value. Also included is any
greater number or fraction in between. The term “no more than” includes each valae less than the
stated value. For example, “no more than 100 nucleotides” includes 100, 99, 98, 97, 66, 95, 94,
93,92, 91, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81, 80, 79,78, 77,76, 75,74, 73, 72,71, 70, 69, 68,
67, 66, 65, 64, 63, 62, 61, 60, 58, 58, 57, 56, 55, 54. 53, 52, 51, 50, 49, 48, 47, 46, 45, 44, 43, 42,
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41, 40, 38, 38, 37, 36, 35, 34, 33,32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 1§, 17, 16,
15,14, 13,12, 11, 16,9,8,7,6,5, 4,3, 2, 1, and O nucleotides. Also included is any lesser number

or fraction in between.

{G104] The terms “plurality”, “at least twao”, “two or more”, “at least second”, and the hike
include but not limited to at least 2, 3,4, 5,6, 7. 8,9, 18, 11, 12, 13, 14, 15, 16, 17, 18§, 19 28, 21,
22,23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73,
74,75,76,77, 78,779, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 05, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149 or 150, 200, 300, 400, 500, 600, 700,
840, 900, 1000, 2000, 3000, 4000, 3000 or more. Also included is any greater nurnber or fraction

in between.

{0105] Throughout the specification the word “comprising,” or variations such as
“coraprises” or “corprising,” is understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element, integer or
step, or group of elernents, integers or steps. It is understood that wherever aspects are described
herein with the language “comprising,” otherwise analogous aspects described in terms of
“counsisting of” and/or “consisting essentially of” are also provided. The term "consisting of”
excludes any element, step, or ingredient not specified in the clatm. In re Gray, 53 F.2d §20, 11
USPQ 255 (CCPA 1931); Ex parte Davis, 80 USPQ 4438, 450 (Bd. App. 1948) ("consisting of”
defined as "closing the claim to the inclusion of materials other than those recited except for
impurities ordinarily associated therewith"). The term “consisting cssentially of” Himits the scope
of a claim to the specified materials or steps "and those that do not materially affect

the basic and novel characteristic(s)” of the claimed invention.

{6186] Unless specifically stated or evident from context, as used herein, the term “about”
refers to a value or composition that is within an acceptable error range for the particular value or
composition as deterrnined by one of ordinary skill in the art, which will depend in part on how
the value or composition is measured or determined, Le., the limitations of the measugrement
system. For exarmpie, “about” or “approximately” may mean within one or more than one standard
deviation per the practice in the art. “About” or “approximately” roay mean a range of up to 10%

(i.e., £10%). Thus, “about” yoay be understood to be within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
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2%, 1%, 0.5%, 0.1%. 0.05%, 0.01%. or 0.001% greater or less than the stated value. For example,
about 5 mg may include any amount between 4.5 mg and 5.5 mg. Furthermore, partictlarty with
respect {0 biological systems or processes, the terms may mean up to an order of magnitude or up
to 5-fold of a value. When particular valies or compositions are provided in the instant disclosure,
unless otherwise stated, the meaning of “about” or “approximately” should be assumed to be

within an acceptable error range for that particular value or coraposition.

{6167] As described herein, any concentration range, percentage range, ratio range or
integer range is to be understood to be inchisive of the value of any integer within the recited range
and, when appropriate, fractions thereof (sach as one-tenth and one-hundredth of an integer),

unless otherwise indicated.

{G108] The term "activation,” "activated,” or the like refers to the state of a cell, inchuding
detectable cellular proliferation. Activation may be associated with induced cytokine production
and detectable effector functions. The term "activated T cells” refers to, among other things, T
cells that are undergoing cell division. T cell activation may be characterized by increased T cell
expression of one or more biomarker, including, but not limited to, CDS7, PDIL, CD107a, CD25,
CD137, CDE6Y, and/or CD71. Methods for activating and expanding T cells are known in the art
and are described, e.g., tn US. Patent Nos. 6,905,874; 6,867.041; and 6,797,514; and PCT
Publication No. WO 201 2/4079000, the contents of which are bereby incorporated by reference in
their entivety.  In general, such methods include contacting cells (such as T cells) with an
activating, stimulatory, or costimulatory agent {sach as anti-CD3 and/or anti-CD28 antibodies)
which may be attached, coated, or bound to a bead or other surface, in a solution (such as feeding,
culture, and/or growth medium) with certain cytokines (such as IL-2, 1L-7, and/or 1L.-15). The
activation agent (such as anti-CD3 and/or anti-CD28 antibodies) attached to the same bead serve
as a “swrogate” antigen presenting cell {APC). One example is The Dynabeads® system, a
CR3/CD2E activator/stimulator system for physiological activation of human T cells. In one
embodiment, the T cells are activated and stimudated to proliferate with certain antibodies and/or
cytokines using the methods described in U.S. Patent Nos. 6,840,177 and 5,827,642 and PCT
Publication No. WO 2012/129514, the contents of which are hereby incorporated by reference in

their entirety.

{0109] The terms "administration,” "Administering” or the like refer to physical

introdoction of an agent to a subject, using any of the various roethods and delivery systeros known
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to those skilled in the art. Exemplary routes of administration for the immune cells prepared by
the methods disclosed herein include intravenous {i.v. or 1V}, inframuscular, subcutancous,
iniraperitoneal, spinal or other parenteral routes of administration, for example by injection or
infusion. Parenteral route of administration refer to modes of administration other than enteral and
topical administration, usually by inmjection, and includes, without Hmitation, infravenous,
intranmuscular, intraarterial, intrathecal, intralyrophatic, intralesional, intracapsular, intraorhital,
intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subeuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion, as well as
in vive clectroporation. In one embodiment, the immune cells (e.g., T celis) prepared by the
present methods are administered via injection or infusion. Non-parenteral routes include a
topical, epidermnal or muocosal route of administration, for example, intranasally, vaginally,
rectally, sublingually or topically. Administering may also be once, twice, or a plurality of times
aver one or mawe extended periods. Where one or more therapeutic agents {e.g., cells} are
administered, the admimstration may be done concomitantly or sequentially. Sequential
administration comprises administration of one agent only after administration of the other agent

or agents has been completed.

{61101 The term "antibody" {Ab) includes, without limitation, an immunoglobulin which
hinds spectfically to an antigen. In geovneral, an antibody may coraprise at least two heavy (H)
chains and two light (L) chains interconnected by disulfide bonds. Each H chain comprises a
heavy chain variable region (abbreviated herein as VH} and a heavy chain constant region. The
heavy chain constant region may comprise three or four constant domains, CH1, CH2 CH3, and/or
CH4. Each light chain comprises a light chain variable region (abbreviated herein as VL) and a
light chain constant region. The light chain constant region may comprise ong constant domain,
CL. The VH and VL regions may be further subdivided into regions of hypervariability, termed
compleraentarity deterouining regions (CDRs), inferspersed with regions that are more conserved,
termed framework regions (FR). Each VH and VL comprises three CDIRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following order: FR1, COR1, FRZ, CDRZ, FR3,
CDR3, FR4.  An umonwmnoglobulin may derive from any of the comumonly known isotypes,
wncluding but not lyvited to IgA, secretory Iga, IgG and IgM. IgG subclasses are also well known
to those in the art and include but are not limited to huraan IgG1, 1gG2, 1gG3 and 1gG4. "Isotype”
refers to the Ab class or subclass (e.g., 1gM or 1gG1) that is encoded by the heavy chain constant
region genes. The term "antibody” includes, by way of exarople, both naturally occurring and non-
naturally occurring Abs; monoclonal and polyclonal Abs; chimeric and hurnanized Abs; human

or nonhuman Abs; wholly synthetic Abs; and single chain Abs. A nonhuman Ab may be
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humanized by recombinant methods to reduce its immunogenicity in man. Where not expressly
stated, and unless the context indicates otherwise, the term "antibody” also includes an antigen-
binding fragment or an antigen-binding portion of any of the aforementioned immunoglobuling, a

monovalent and a divalent fragment or portion, and a single chain Ab.

"o,

{8111] An "antigen binding molecale,” "antibody fragment” or the like refer to any portion
of an antibody less than the whole. An antigen binding molecule may inchude the antigenic
comaplementarity determining regions {CDRs). Examples of antibody fragments include, but are
not limited to, Fab, Fab', F(ab')2, and Fv fragments, dAb, linear antihodies, scFv antibodies, and
muitispecific antibodies formed from antigen binding molecules. In one aspect, the CD19 CAR
construct comprises an anti-CD 19 single-chain FV. A “Single-chain Fv” or “scFv” antibody
honding fragment comprises the variably heavy (Va) and variable light (Vo) domains of an
antibody, where these domains are present in a single polypeptide chain. Generally, the by
polypeptide further comprises a polypeptide linker between the Vi and Vi domains, which
enabies the scFv to form the desired structure for antigen binding. All antibody-related terms used
herein take the customary meaning in the art and are well understood by one of ordinary skill in

the art.

{6112] An “antigen” refers to any molecole that provokes an immune response ot is
capable of being bound by an antibody or an antigen binding molecule. The tmmune response
may involve either antibody production, or the activation of specific immunologically-competent
cells, or both. A person of skill in the art would readily understand that any macromolecule,
including virtually all proteins or peptides, may serve as an antigen. An antigen may be
endogenously expressed, i.e., expressed by genomic DNA, or may be recornbinantly expressed.
An antigen may be specific to a certain tissue, such as a cancer cell, or it may be broadly expressed.
In addition, fragments of larger molecules may act as antigens. In some embodiments, antigens

are tumor amigens.

{6113] The term “nevtralizing” refers to an antigen binding molecule, scFv, antibody, or
a fragraent thereof, that binds to a ligand and prevents or reduces the biological effect of that
higand. In some embodiments, the antigen binding molecule, scFv, antibody, or a fragment
thereof, directly blocking a binding site on the ligand or otherwise alters the ligand's ability to
bind through indirect means (such as structural or energetic alterations in the figand). In somoe
ernbodiments, the antigen hinding molecule, scFv, antibody, or a fragment thereof prevents the

protein to which it is bound from performing a biological function.
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{6114] The term "autologous” refers to any material derived from the same individual o
which it is later to be re-introduced. For example, the engineered autologous cell therapy method
described herein involves a collection of lymphocytes from an individual (such as a donor or a
patient), which are then engineered to express a CAR constract and then adrministered back to the

same individual.

{0115] The term "allogeneic” refers to any material derived from one individual which is

then introduced o another individual of the same specigs, e.g., allogeneic T cell transplantation.

{0116] The term “bridging therapy” refers o treatments  given  between

apheresisfleukapheresis and the initiation of lymphodepleting/conditioning chemotherapy.

{0117} A Tcancer” refers fo a broad group of various discases characterized by the
vncontrotled growth of abnormoal cells in the body. Unregulated cell division and growth results
in the formation of malignant tumors that invade neighboring tissues and may also metastasize to
distant parts of the body through the lymphatic system or bloodstream. A "cancer” or "cancer
tissue” roay include g tumor at various stages. In one embodiment, the cancer or tumor is stage §,
sach that, e.g., the cancer or turoor is very early in development and bas not metastasized. In
another embodiment, the cancer or tumor is stage I, such that, e.g., the cancer or tumor is relatively
small in size, has not spread into nearby tissue, and bas not moetastasized. I other embodiment,
the cancer or tumor is stage H or stage I, such that, e.g., the cancer or tumor is larger than in
stage O or stage I, and it has grown into neighboring tissues but it has not metastasized, except
potentally to the lymph nodes. In additional embodiment, the cancer or tumor is stage IV, such
that, e.g., the cancer ot tumor has metastasized. Stage 1V may also be referved to as advanced or

metastatic cancer.

{0118] An "anti-tumor effect” as ased herein, refers to a biological effect that may present,
and not being limited to, as a decrease in tumor volume, an inhibition of tumor growth, a decrease
in the number of tumer cells, a decrease in tumor cell proliferation, a decrease in the number/extent
of metastases, an increase in overall or progression-free survival, an increase in life expectancy,
and/or amelioration of various physiological symptoms associated with the tumor. An anti-tirnor

cifect may also refer to the prevention of the occurrence of a tumor, e.g., a vaceine.

{6119] The term “progression-free survival” (PFS) refers to the time from the treatment
date to the date of discase progression (per general guidehines, such as revised WG Response

Criteria for Malignant Lyrophoroa) or death from any cause. The term "Disease progression” roay
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be assessed by measurement of malignant lesions on radiographs or other methods should not be
reported as adverse events. Death due to disease progression in the absence of signs and symptoms
may be reporied as the primary tumor type {e.g., DLBCL). The term "duration of response”
{DOR) refers to the period of time between a subject's first objective response to the date of
confirmed disease progression (per general guidelines, such as the revised IW{G Response Criteria
for Malignant Lymphoma) ot death. The terma "overall survival” (O8) refers to the time from the

date of reatment to the date of death.

{0126] A eytokine” refers to a non-antibody protein that may be released by immune
cells, including macrophages, B cells, T cells, and mast cells to propagate an imnuine response.
In one embodiment, one or more cytokines are released in response to the therapy. In other
embodiment, those cytokines secreted in response to the therapy may indicate or suggest an
effective therapy. In one embodiment, “cytokine” refers to 4 non-antibody protein that is released
by one cell in response to contact with a specific antigen, wherein the cytokine interacts with a
second cell to mediate a response in the second cell. “Cytokine” as used herein is moeant to refer
to proteins released by one cell population that act on another cell as intercellular mediators. A
cytokine may be endogenocusly expressed by a cell or administered to a subject. Cytokines may
be released by immune cells, including macrophages, B cells, T cells, and mast cells to propagate
an immune response. Cytokines may induce various responses in the recipient cell. Cytokines roay
include homeostatic cytokines, chemokines, pro-inflanmunatory cytokines, effectors, and acute-
phase proteins. For example, homeostatic cytokines, including interleukin (3L} 7 and IL-15,
promote imaune cell survival and proliferation, and pro-inflammatory cytokines may promote an
inflamnmatory response. Examples of homeostatic cytokines inchude, but are not limited to, 1L-2,
-4, IL-3, IL-7, IL-10, I1L-12p40, 1L-12p70, IL-15, and interferon {(IFN) gamma. Examples of
pro-inflammatory cytokines include, but are not limited to, IL-1a, IL-1b, IL-6, IL-13, IL-17a,
wmor necrosis factor (FNF)-alpha, TNF-beta, fibroblast growth factor (FGEF) 2, gramudocyte
macrophage colony-stimulating factor (GM-CSF}, soluble intercellular adbesion molecale |
{(sICAM-1), soluble vascular adhesion molecule 1 (sVCAM-1}, vascular endothelial growth factor
(VEGE), VEGF-C, VEGF-D, and placental growth factor (PLGF). Exaraples of effectors include,
but are not limited to, granzyme A, granzyroe B, soluble Fas higand (sFash), and perforin.
Exarapies of acute phase-proteins include, but are not limited to, C-reactive protein (CRP) and

serum arnyloid A (SAA).

{0121] “Chemokines” are a type of cytokine that mediates cell chemotaxis, or directional

movement. Examples of chemokines include, but are not Hnited to, HL-8, 1L-16, cotaxin, eotaxin-
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3, macrophage-derived chemokine (MDC or CCL22), monocyte chemotactic protein 1 (MCP-1
or CCL2ZY, MCP-4, macrophage inflammatory protein o (MIP-1g, MIP-12), MIP-13 (MIP-1b),
garama-induced protein 10 (IP-10), and thymus and activation regulated chemokine (TARC or

CCLIT).

{8122] A "therapeutically effective amount,” "therapeutically effective dosage,” or the like
refers to an amount of the cells (such as immune cells or engineered T cells) that are produced by
the present methods {resulting in a T cell product) and that, when used alone or in combination
with another therapeutic agent, protects or treats a subject against the onset of a disease or
promotes disease regression as evidenced by a decrease in severity of disease symptoms, an
increase in frequency and duration of disease symptom-free periods, and/or prevention of
impatrroent or disability due to disease affliction. The ability to provoote disease regression roay
be evaluated using a variety of methods known to the skilled practitioner, such as in subjects
during clinical trials, in animal model systerns predictive of efficacy in humans, or by assaying
the activity of the agent in in vitro assays. In some embodiments, the donor T cells for use in the
T cell therapy are obtained from the patient (e.g., for an avtologous T cell therapy). Tn other
embodiments, the donor T cells for use in the T cell therapy are obtained from a subject that is not
the patient. The T cells may be administered at a therapeutically cffective amount. For example,
a therapeutically effective amount of the T cells may be at least about 10* cells, at feast about 10°
cells, at least about 10° cells, at least about 107 cells, at Teast about 10° cells, at least about 107, or
at feast about 10'°, In another embodiment, the therapeutically effective amount of the T cells is
about 10" cells, about 10 celis, about 10° cells, about 107 cells. or about 10° cefls. In some
embodiments, the therapeutically effective amount of the CAR T cefls is about 2 X 10° celis/kg,
about 3 X 10° cells/kg, about 4 X 10° cells/kg, about 5 X 10° cells/kg, about 6 X 10° celis/kg,
about 7 X 10° cells/kg, about § X 10° cells/kg, about 9 X 10° cells/kg, about I X 167 celis/kg,
about 2 X 107 cells/kg, about 3 X 107 cells/kg, about 4 X 107 cells/kg, about 5 X 107 celis/kg,
about 6 X 107 celis/kg, about 7 X 107 cells/kg, about 8 X 107 cells/kg, or about 9 X 1Y cells/kg.
In some embodiments, the therapeutically effective amount of the CAR-positive viable T cells is
between about 1 x 10¢ and about 2 x 10° CAR-positive viable T cefls per kg body weight up to a
maximum dose of about 1 x 10° CAR-positive viable T cells. In some embodiments, the
therapeutically effective amount of the CAR-positive viable T cells is between about 0.4 x 10°
and about 2 x 10° CAR-positive viable T cells. In soroe embodiments, the therapeutically effective
amount of the CAR-positive viable T cells is about 0.4 X 105, about 0.5 x 10°, about 0.6 x 105,

about 0.7 x 10°, about 0.8 x 10%, about (.9 x 10%, about 1.0 x 10%, about 1.1 x 108, about 1.2 x 10°,
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about 1.3 x 10°, about 1.4 x 10%, about 1.5 x 10%, about 1.6 x 10%, about 1.7 x 108, about 1.8 x 108,

about 1.9 x 105, or about 2.0 x 10° CAR-positive viable T cells.

{0123] The term "lymphocyte” as used herein may inclade natural killer (NK) cells, T
cells, NK-T cells, or B celis. NK cells are a type of cytotoxic (cell toxic) lymphoeyte that represent
a4 major component of the inherent e system. NK cells reject tumors and cells infected by
viruses, through the process of apoptosis or programmed cell death. They were termed “natural
killers™ because they do not require activation to kill celis. T-cells play a major role in celi-
mediated immunity (no antibody involvement). The T-cell receptors (TCR) differentiate
themselves from other lyrophocyte types. The thymus, a specialized organ of the immune system,

is primartly respounsible for the T cell’s maturation.

{0124] There are several types of “immune cells,” including, without hmitation,
macrophages {e.z., tumor associated macrophages neutrophils, basophils, cosinophils,
gramuocytes, natural killer cells (NK cells), B cells, T cells, NK-T cells, mast cells, tumor
infilirating lymphocytes (TILs), myeloid derived suppressor cells (MDSCs), and dendritic cells.
The term also includes precursors of these inwaune cells. Hematopoietic stem and/or progenitor
cells may be derived from bone marrow, umbilical cord blood, adult peripberal blood after
cytokine mobilization, and the like, by methods known in the art. Some precursor cells are those
that may ditferentiate into the lymphoid hincage, for example, hematopoietic stem cells or
progenitor cells of the lyraphoid lincage. Additional examples of immune cells that may be used
for immune therapy are described in US Publication No. 20180273601, incorporated herein by

reference in its entirety.

{6125] There are also several types of T-cells, namely: Helper T-cells (e.g., CD4+ cells,
ctfector Terr cells), Cytotoxic T-cells (also known as TC, cytotoxic T lymphocyte, CTL, T-kitler
celh, eytolytic T cell, CDE+ T-cells or killer T cell), Memory T-cells {(3) stem memory Tsowm cells,
like naive cells, are CD4SRO-, CCR7+, CD45RA+, CDO2L+ (L-selectin), CD27+, CD28&+ and
TL-7Re+, but they also express large amounts of CDY5, TL-2RB, CXCR3, and LFA-1, and show
nuraerous functional attributes distinctive of memory cells); (it) central roerory Tow cells express
L-selectin and are CCR7" and CD4SROT and they secrete 11-2, but not IFNy or 1L-4, and (i)
effector memory Trm cells, however, do not express L-selectin or CCR7 but do express CD4SRO
and produce effector cytokines like IFNy and fL.-4}, Regulatory T-cells (Tregs, suppressor T cells,
ot CD4+CD25+ regulatory T cells), Natural Killer T-cells (NKT), and Gamma Delta T-cells. T

cells found within tumors are referred to as "tumor infilivating lyrophocvtes” (TIL). B-cells, on
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the other hand, play a principal role in humoral immunity (with antibody involvement). It makes
anttbodies and antigens and performs the role of antigen-presenting celis (APCs) and turns into
memaory B-cells after activation by anfigen interaction. In roaromals, invoature B-cells are formed

i the bone marrow, where its name is derived from.

{B126] A natve” T cell refers to a matwe T cell that remains immunologically
undifferentiated. Following positive and negative selection in the thymus, T cells emerge as either
Ch4" or CDE" naive T cells. In their naive state, T cells express L-selectin (CD6ZLYY, IL-7
receptor-i (JL-7R-a), and CD 132, but they do not express CD25, CD44, CD6Y, or CD4SRO. As
used heren, "tmmature” may also refer to a T cell which exhibits a phenotype characteristic of
either a natve T cell or an tnmature T cell, such as a Tscw cell or a Temcell. For example, an
immature T cell may express one ot more of L-selectin (CD62LY), {L-7Ra, CD132, CCR7,
CDASRA, CD4SRO, CD27, CD28, CDYS, 1L-2RP, CXCR3, and LFA-1. Naive or immature T
cells may be contrasted with terminal diffeventiated effector T cells, such as Tem cells and Teer

cells.

{61271 “T cell function,” as referred to herein, refers to normal characteristics of healthy
T cells. T cell function may comprise T cell proliferation, T cell activity, and/or cytolytic activity,
In one embodiment, the methods of the present application of preparing T cells under certain
oxygen and/or pressure condition would increase one or more T cell function, thereby making the
T cells more fit and/or more potent for therapeutic purpose. In some embodiment, T cells that are
prepared according to the present methods have increased T cell function as compared to those
under conditions lacking certain oxygen and/or pressure. In other embodiment, T cells that are
prepared according to the present methods would bave increased T cell proliferation as compared
to T cells cultured under conditions lacking certain oxygen and/or pressure. In additional
embodiment, T cells that are prepared according to the present methods have increased T cell
activity as corpared to T celis cultured under conditions lacking certain oxygen and/or pressure.
In further embodiraent, T cells that are prepared according to the present methods bave increased
cytolytic activity as compared to T cells cultured onder conditions lacking certain oxygen and/or

Pressure.

{0128] The terms cell "proliferation,” "proliferating” or the like refer to the ability of cells
to grow in numbers through cell division. Profiferation may be measured by staining cells with
carboxyfiuorescein succinimuidyl ester (CFSE). Cell proliferation may occur in vifro, e.g., during

T cell culture, or in vive, e.g., following administration of a immune cell therapy (e.g., T cell
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therapy). The cell proliferation may be measured or determined by the methods described herein
or known in the ficld. For example, cell proliferation may be measured or determined by viable
celf density (VCI) or total viable cell (TVC)., VD or TVC may be theoretical (an aliquot or
sample is removed from a colture at certain tivoepoint to determive the cell number, then the cell
number muliiples with the culture volume at the beginning of the study) or actual (an aliquot or
sample is removed from a culture at cortain timepoint to determine the cell nurober, then the cell
number multiples with the actual calture volume at the certain tiroepoint). The term T cell
activity” refers to any activity common to healthy T cells. In one embodiment, the T cell activity
comprises cytokine production (such as INFy, 1L-2, and/or TNFo). In other embodiment, the T
cell activity coraprises production of one or more cytokine selected from interferon garoma (JFNy
ar IFN-v), tissue necrosis factor alpha (TNFo or IFNa), and both. The termos "cytolytic activity,”
“cytotoxicity” or the like refer to the ability of a T ccll to destroy a target cell. In one embodiment,
the farget cell is a cancer cell, e.g., a tumor cell. I other embodiment, the T cell expresses a
chimeric antigen receptor (CAR) or a T cell receptor {TCR), and the target cell expresses a target

antigen.

{6129] The term "genetically enginecred,” "gene editing,” or "enginecered” refers to a
method of modifying the genome of a cell, including, but not being limited to, deleting a coding
or non-coding region or a portion thereof or inserting a coding region or a portion thereof. In one
embodiment, the cell that is modified is a lymphocyte, e.g.. a T cell, which may either be obtained
from a patient or a donor. The cell may be modified to express an exogenous construct, such as,
€.g., a chimeric antigen receptor (CAR) or a T cell receptor (TCR), which ts incorporated into the

cell's genome.

{6138] The terms “transdoction” and “transduced” refer to the process whereby foreign
DNA is introduced into a cell via viral vector {see Jones et al., “Genetics: principles and analysis,”
Boston: Jones & Bartlett Publ. (1998)). In some embodiments, the vector is a retroviral vector, a
DNA vector, 2 RNA vector, an adenoviral vector, a baculoviral vector, an Epstein Barr viral
vector, a papovaviral vector, a vaceinia viral vector, a herpes simplex viral vector, an adenovirus

associated vector, a fentiviral vector, or any combination thereof.

{6131} “Chimeric antigen receptors” (CARs or CAR-Ts) and the T cell receptors (TCRs)
of the application are genetically engineered receptors. These engineered receptors aay be readily
inserted into and expressed by immune cells, including T cells, in accordance with techniques

known in the art. With a CAR, a single receptor may be programmed to both recognize a specific
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antigen and, when bound to that antigen, activate the immune cell to attack and destroy the cell
bearing or expressing that antigen. When these antigens exist on tumor cells, an immune cell that
expresses the CAR may target and kill the turoor cell. In one embodirent, the cell that is prepared
according to the present application is a cell having a chimeric antigen receptor {CAR), or a T cell
receptor, comprising an antigen binding molecule, a costimulatory domain, and an activating
domain. The costimulatory domain may comprise an extracellular domain, a transmembrane
domain, and an intracellular domain. In one embodiment, the extracellular domain comprises a

hinge or a tuneated hinge domain.

{6132] An "immune response” refers to the action of a cell of the immune system (for
example, T lvmphocytes, B lyrmophocytes, natural killer (NK) cells, macrophages, cosinophils,
mast cells, dendritic cells and neutrophils) and soluble macromolecules produced by any of these
cells or the liver (including Abs, cytokines, and complement) that results in selective fargeting,
binding to, damage to, destruction of, and/or elimination from a vertebrate's body of invading
pathogens, cells or tissues infected with pathogens, cancerous ot other abrorroal cells, or, in cases

of autoimmunity or pathological inflanmoation, normal human cells or tissues.

LTS

{0133 The terms "tmmunotherapy” “immune therapy” or the like refer to the treatment of
a subject afflicted with, or at risk of contracting or suffering a recurrence of, a disease by a method
comprising inducing, enhancing, suppressing, or otherwise modifying an immune response.
Examples of immunotherapy include, but are not limited to, T cell and NK cell therapies. T cell
therapy may include adoptive T cell therapy, tamor-infiltrating lymphocyte (TIL) immunotherapy,
autologous cell therapy, engineered autologous cell therapy and allogeneic T cell transplantation.
One of skill in the art would recognize that the methods of preparing immoune ceils disclosed
herein would enbance the effectiveness of any cancer or transplanted T cell therapy. Exaroples of
T cell therapies are described in U.S. Patent Publication Nos. 2014/03154228 and 2002/0006409;
U.S. Patent Nos. 7,741,465, 6,319.494; and 5,72%,388; and PCT Publication No. WO

2008/081035, which are incorporated by reference in their entirety.

{0134] The term "engineered Autologous Cell Therapy,” which may be abbreviated as
"eACT™ " also known as adoptive cell transfer, is a process by which a patient’s own T cells are
collected and subsequently genetically altered to recognize and target one or more antigens
expressed on the cell surface of one or more specific tumor cells or malignancies. T cells may be
engineered to express, for example, chimeric antigen receptors (CAR) or T cell receptor (TCR).

CAR positive (4} T cells are engineered to express an extracellular single chain variable fragment
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{scFv) with specificity for certain tumor antigen linked to an intracellular signaling part
comaprising a costimulatory domain and an activating domain. The costimulatory domain may be
a signaling region derived from, e.g., CD28, CTLA4, CDI6, OX-40, 4-1BB/ACD137, CD2, CH7,
CD27, CD30, CD40, programmed death-1 (PD-1), programmed death ligand-1 (PD-L1),
inducible T cell costimulator (HCOS), ICOS-L, lymphocyte function-associated antigen-1 (LFA-
1(CDH/CDIR), CD3 garoma, CD3 delta, CD3 epsilon, CD247, CD276 (B7-H3), LIGHT (fumor
necrosis factor superfanuly member 14; TNFSF14), NKG2C, Ig alpha (CD79a), DAP-10, Fe
gamma receptor, MHC class T molecale, TNF receptor proteins, Immunoglobulin-like proteins,
cytokine receptors, integrins, signaling lymphocytic activation molecules (SLAM proteins),
activating NK cell receptors, BTLA, a Toll ligand receptor, ICAM-1, B7-H3, CD§S, ICAM-1,
GITR. BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp&0 (KLRF1), NKp44,
NKp3g, NKp46, CD12, CD4, CDE, CD8alpha, CD8beta, IL2R beta, ILZR gamma, IL7R aipha,
ITGA4, VLAL CD49a, ITGA4, 1A4, CD49D, ITGAG, VLA-6, CD4Of, ITGAD, CDIId, ITGAE,
CD103, ITGAL, CDi la, LFA-1, ITGAM, CDi th, ITGAX, CDi fe, ITGBI, CD28, 1TGB2. CDIE,
LFA-1, ITGB7, NKG2D, TNFR2, TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244,
28B4y, CDE4, CDYS (Tactle), CEACAMI, CRT AM, Ly9 (CDZ2%9), CDI60 (BYSS), PSGLI,
CDI00 (SEMA4D), CD69, SLAMES (NTB-A, Lyi0R), SLAM (SLAMF1, CDI1SO, 1PG-3),
BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD¥9%a, a
ligand that specifically binds with CD#83, or any combination thereof. The activating domain may
he derived from, e.g., CD3, such as CD3 zeta, epsilon, dekta, gamuas, or the like. In one
embodiment, the CAR is designed to have two, three, four, or more costirnnlatory domains. The
CAR scFv may be designed to target, for example, CDI9, which is a transmembrane protein
expressed by cells in the B cell lineage, including all normal B cells and B cell maligrances,
ncluding but not lmited to NHL, CLL, and non-T cell ALL. Example CAR+ T cell therapies and
constructs are described in U.S. Patent Publication Nos. 2013/0287748, 2014/0227237,

2014/0099309, and 2014/0050708, which are hereby incorporated by reference in their entirety.
{0135] A “costimulatory signal,” as used herein, refers to a signal, which in combination

with a primary signal, such as TCR/CD3 ligation, leads to a T cell response, such as, but not

lirnited to, profiferation and/or upregulation or down regulation of key molecules.

36 ‘costimtatory ligand,” as osed herein, includes a molecule on an antigen
136 A “costimulatory ligand,” ih tad fecul tig

presenting cell that specifically binds a cognate co-stimulatory molecule on a T cell. Binding of
the costimulatory ligand provides a signal that mediates a T ccll response, including, but not

limaited to, proliferation, activation, differentiation, and the like. A costimulatory ligand induces a
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signal that is in addition to the primary signal provided by a stimulatory molecale, for instance,
by binding of a T cell receptor (TCRYCD3 complex with a major histocompatibility complex
{MHC) molecule loaded with peptide. A co-stimutatory ligand may include, but is not limiied to,
3/TRG, 4-1BB ligand, agonist or antibody that binds Toll ligand receptor , B7-1 (CDB0), B7-2
{CDE6), CD30 ligand, CD40, CD7, CD70, CDS3, herpes virus entry mediator (HVEM), human
leukocyte antigen G (HLA-G), ILT4, irenmunogiobulin-like transcript (JL'T) 3, inducible
costirnslatory higand (ICOS-L), intercethilar adbesion molecale (ICAM), ligand that specifically
binds with B7-H3, lymphotoxin beta receptor, MHC class I chain-related protein A (MICA), MHC
class I chain-related protein B (MICB), OX40 ligand, PD-L2, or programmed death (PD) L1, A
co-stinutlatory ligand includes, without Hyoitation, an antibody that specifically binds with a co-
stimulatory molecule present on a T cell, such as, but not Himited to, 4-1BB, B7-H3, CD2, CD27,
CD28, CD30, D40, CD7, ICOS, ligand that specifically binds with CD83, lymphocyte function-
associated anfigen-1 (LFA-1), natural killer cell receptor C (NKGZ(C), OX40, PD-1, or tumor

necrosis factor superfamily member 14 (TNFSF14 or LIGHT).

{0137] A “costioulatory molecule” is a coguate binding pertmer on a T cell that
spectfically binds with a costimulatory ligand, thereby mediating a costimulatory response by the
T cell, such as, but not limited to, profiferation. Costimulatory molecules include, but are not
fimited to, A “costimulatory molecule” is a cognate binding partner on a T cell that specifically
binds with a costimulatory ligand, thereby mediating a costimulatory response by the T cell, such
as, but not limited to, proliferation. Costimulatory molecules include, but are not limited to, 4-
1BB/CD137, B7-H3, BAFFR, BLAME (SLAMFS), BTLA, €D 33, CD 45, CD100 (SEMA4D),
CDI03, CD134, CD137, CD1s4, CDlg, CDIGG (BYSS), CD18, CD1i9, CDhiva, CD2, D22,
Cb247, D27, CD276 (B7-H3), CD23, CD29, CD3 {alpha; beta; delta; epsilon; gamma; zeta),
CD30, CD37, Ch4, D4, CD44, CD49a, CD49D, CD40t, CD3, CD64, CD69, CD7, CDE0, CDE3
figand, CD84, CD86, ChBalphba, CD8beta, CD9, CDY6 (Tactile), CHHa, CDI-b, Chi-le, CDI-id,
CBS, CEACAMI, CRT AM, DAP-10, DNAMI (CD226), Fe gamma receptor, GADS, GITR,
HVEM (LIGHTR), IA4, ICAM-1, ICAM-1, ICOS, Ig alpha (CD79a), IL2R beta, IL2R gamma,
IL7R alpha, integrin, ITGA4, ITGA4, ITGAS, ITGAD, ITGAE, ITGAL, ITGAM, ITGAX,
ITGB2Z, ITGB7, ITGE], KIRDS2, LAT, LFA-1, LFA-1, LIGHT, LIGHT (tumor necrosis factor
superfamnily member 14; TNFSFI4)3, LTBR, Ly9 (CD229), lyraphacyte function-associated
antigen-1 (LFA-1 (CD1 W/CDIR), MHC class | molecule, NKG2C, NKG2D, NKp30, NKpd4,
NEKp46, NKp30 (KLRF1), OX40, PAG/Chp, PD-1, PSGLY, SELPLG (CD162), signaling
Iymphocytic activation molecile, SLAM (SLAMFL; CD150; IPO-3), SLAMEF4 (CDiZ244; 284),
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SLAMES (NTB-A; Lyl08), SLAME7, SLP-76, TNF, TNEFr, TNFR2, Toll ligand receptor,

TRANCE/RANKL, VLA, or VLA-6, or fragments, truncations, or combinations thereot.

{0138] In some aspect, the cells of the present application may be obtained through T cells
abtained from a subject. fn one aspect, the T cells roay be obtained from, e.g., peripheral blood
mononuclear cells (PBMC), bone marrow, tyroph node tissue, cord blood, thymus tissae, tissue
from a site of infection, ascites, pleural effusion, spleen tissue, and twnors. In addition, the T cells
may be derived from one or more T cell lines available in the art. T celis may also be obtained
from a unit of blood collected from a subject using any mumber of techniques known to the skilled
artisan, such as FICOLL™ separation and/or apheresis. In some aspect, the cells collected by
apheresis are washed to remove the plasma fraction and placed in an appropriate buffer or media
for subsequent processing. I some aspect, the cells are washed with any solution (¢.g., a solution
with neutralized PH value or PBS) or culture medium. As will be appreciated, a washing step may
be used. such as by using a semiautomated flow through centrifuge, e.g., the Cobe™ 2961 cell
processor, the Baxter CytoMate™, or the like. In some aspect, the washed cells are resuspended
in one or more hiocompatible buffers, or other saline solution with or without buffer. Tn some
aspect, the undesired components of the apheresis sample are removed. Additional methods of
isolating T cells for a T cell therapy are disclosed in U.S. Patent Pub. No. 2013/0287748, which

are hereby incorporated by refercnces in their entirety.

{0139] In some ershodiments, T cells are tsolated from PBMCs by lysing the red blood
cells and depleting the monocytes, .., by using centrifugation through a PERCOLL™ gradient.

In some embodiments, a specific subpopulation of T cells, sach as CDd+, CD8+, CDZ8+,
CPASRA+, and CD45RO+ T celis 15 further isolated by positive or negative selection technigues
known in the art. For example, enrichment of a T cell population by negative selection may be
accomplished with a combination of antibodies directed to surface markers unique to the
negatively selected cells.  In some embodiments, cell sorting and/or selection via negative
magnetic inwaunoadherence or flow cytometry that uses a cocktail of moncclonal antibodies
directed to cell surface roarkers present on the cells negatively selected may be ased. For example,
to enrich for CD4+ cells by negative selection, a aonoclonal antibody cocktail typically includes
antibodies to CDR, CD1lh, CD14, CD16, CD20, and HLA-DR. In some embodiments, flow
cytometry and cell sorting are uvsed to isolate cell populations of interest for use in the present

disclosure.
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{0146] In one embodiment, CD3+ T cells are isclated from PBMCs using Dynabeads
coated with anti-CD3 antibody. CB8+ and CD4+ T cells are further separately isolated by positive
sclection using CDE nucrobeads {e.g., Miltenyi Biotec) or CD4 microbeads (e.g., Miltenyt

Biotec).

{8141] In some embodirnents, PBMCs are used directly for genetic modification with the
immune cells (such as CARs) using methods as described herein. In some embodiments, after
isolating the PBMUs, T lymphocytes are further isolated, and both cytotoxic and helper T
lymphocytes are sorted into naive, memory, and effector T cell subpopulations etther before or

after genetic modification and/or expansion.

{8142] The one or more tromune cells described herein may be obtained from any source,
including, for example, a hwman donor. The donor may be a subject in need of an anti-cancer
treatment, e.g., treatment with inunune celis generated by the methods described herein (i.e., an
autologous donor), or may be an individual that donates a lymphocyte sample that, upon
generation of the population of cells generated by the methods described herein, will be used to
treat a different individual or cancer patient {i.e., an allogeneic donor). imune cells may be
differentiated in vitro from a hematopoietic stem cell population, or iramune cells may be obtained
from a donor. The population of immune cells may be obtained from the donor by any suitable
method used in the art. For example, the population of lymphocytes may be obtained by any
suttable exiracorporeal method, venipuncture, or other blood collection method by which a saraple
of blood with or without fymphocytes is obtained. The population of Tymphocytes is obtained by
apheresis. The one or more tmnmune cells may be collected from any tissue that comprises one or
more invoune cells, including, but not limited to, a taroor. A fumeor or a portion thereof is collected
from a subject, and one or more ironwune cells are isolated from the fumor tissue. Any T cell roay
be used in the methods disclosed herein, including any immune cells suitable for a T cell therapy.
For example, the one or more cells useful for the application may be selected from the group
consisting of turaor infiltrating lymaphocytes (TIL), cyiotoxic T cells, CAR T cells, engineered
TCR T cells, natural killer T cells, Dendritic cells, and peripheral blood lymphocytes. T cells may
bie obtained from, e.g., peripheral blood mononuciear cells, bone marrow, lymph node tissue, cord
blood, thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and
tumors. [n addition, the T cells may be derived from one or more T cell lines avatlable in the art.
T cells may also be obtained from a gnit of blood collected from a subject using any mumnber of
techniques known to the skilled artisan, such as FICOLL™ separation and/or apheresis. T cells

may also be obtained from an artificial thymic organoid (ATQO) cell culture system, which
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replicates the human thymic environment to support efficient ex vivo differentiation of T-cells
from primary and reprogranuned pluripotent stem cells. Additional methods of isolating T cells
for a'T cell therapy are disclosed in ULS. Patent Publication No. 2013/0287748, in PCT Publication
Nos. WO2015/120096 and WO2017/07038S, all of which are hevein incorporated by reference in
their totality for the purposes of describing these methods and in their entirety. In one
embodiment, T cells are tumor infilirating leukocytes. Tn certain embodiment, the one ot more T
cells express CDE, e.g., are CDE™ T cells. In other embodiment, the one or more T cells express
CD4, e.g., are CD4" T cells. Additional methods of isolating T cells for a T cell therapy are
disclosed in U.S. Patent Publication No. 2013/028774%, in PCT Publication Nos.
WO2015/120096 and WO2(17/407039S, all of which are herein incorporated by reference in their

totality for the purposes of describing these methods and in their entirety.

{6143] The imyoone cells and their precarsor cells may be isolated by available methods
{see, for example, Rowland-Jones et al., Lymphocytes: A Practical Approach, Oxford University
Press, Mew York (1999)). The sources for the tranwune cells or precursor cells thereof include, but
are not limited to, peripheral blood, vmbilical cord blood, bone marrow, or other sources of
hematopoietic cells. Negative selection methods may be used to remove cells that are not the
desired immune cells. Additonally, positive selection methods may isolate or enrich for desired
immune cells or precursor cells thereof, or a combination of positive and negative selection
methods may be employed. Monoclonal antibodies (MAbs) are useful for identifying markers
associated with certain cell lineages and/or stages of differentiation for both positive and negative
sciections. I certain type of cell is to be isolated, for cxample, certain type of T cell, various cell
surface markers or combinations of markers, including but not limited to, CD3, CD4, CDR, CD34
{for hematopoietic stem and progenitor cells) and the like, may be used to separate the cells, as is
wel known in the art {see Kearse, T Cell Protocols: Development and Activation, Humana Press,
Totowa N.J. (2000); De Libero, T Cell Protocols, Vol. 514 of Methods in Molecular Biology,
Humana Press, Totowa N.J. (2009)).

{6144] PBMCs may be used directly for genetic modification with the imnume cells (such
as CARs). After isolating the PBMCs, T lymphocytes are further isolated, and both cytotoxic and
helper T lymphocytes are sorted into naive, memory, and cffector T cell subpopulations either
before or after genetic modification and/or expansion. In one embodiment, CD8+ cells may be
further sorted into naive, central memory, and effector celis by identitying cell surface antigens
that are assoctated with each of these types of CDS8+ cells. In other embodiment, the expression

of phenotypic markers of central memory T cells includes CCR7, CD¥3, CD28, CD45RO, CDG2L,

- 40 -



WO 2024/092152 PCT/US2023/077950

and CD 127 and are negative for granzyme B. In some embodiment, central memory T cells are
CD8+, CD45RO+, and CDS2L+ T cells. In certain embodiment, effector T cells are negative for

CCR7, CL

28, CO2L, and CDM27 and positive for granzyme B and perforin.  In additional
erpbodiment, CD4+ T cells may be further sorted into subpopulations. For example, CD4+ T
helper cells may be sorted into naive, central memory, and effector cells by identifying cell

populations that have cell surface antigens.

{6145] The methods described herein further comprise enriching or prepating a population
of imroune cells obtained from a donor, between harvesting from the donor and exposing one or
more cells obtained from a donor subject. Enrichmoent of a population of imyoune cells, e.g., the
ane or more T cells, may be accomplished by any suitable separation method including, but not
fimited to, the use of a separation medium {e.g., FICOLL-PAQUE™, ROSETTESEP™ HLA
Total Lymphocyte enrichment cockiail, Lymphocyte Separation Medium (LS A) (MP Biomedical
Cat. No. 8850494 X)), or the like), cell size, shape or density separation by filtration or elutriation,
immunomagnetic separation {e.g., magnetic-activated cell sorting system, MACS), fluorescent
separation {e.g., fluorescence activated cell sorting systero, FACUS), or bead-based coluron

separation.

{31d6] In one embodiment, the T cells are obtained from a donor subject. Tn other
embodiment, the donor sabject is human patient affhicted with a cancer or a tumor. In additional
embodiment, the donor subject is a buman patient not afflicted with a cancer or a tumor. The
present application also provides a coraposition or formulation coroprises a pharmaceutically
acceptable carrier, diluent, solubilizer, emulsifier, preservative and/or adjuvant. In certain
embodiment, the composifion or forraulation coraprises an excipient. The ferros composition and
formulation are used interchangeably herein. The terros composition, a therapeutic composition,
a therapeutically effective composition, pharmaceutical composition, pharmaceutically effective
comaposition, and a pharmaceutically acceptable composition are used interchangeably herein.
The composition may be sclected for parenteral delivery, inhalation, or delivery through the
digestive tract, such as orally. The composition may be prepared by known methods by one skilled
person in the art. Buffers are used to maintain the composition at physiological pH or at a slightly
lower pH, typically within a pH range of from about 5 to about 8. When parenteral administration
is contemplated, the composition is in the form of a pyrogen-free, parenterally acceptable agueous
sohution comprising a composition described herein, with or without additional therapeutic agents,
in a pharmaceutically acceptable vebhicle. By way of example, the vehicle for parenteral injection

is sterile distilled water in which composition described herein, with or without at least one
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additional therapeutic agent, is formulated as a sterile, isotonic solution, properly preserved. The
preparation involves the formulation of the desired agent with polymeric compounds (such as
polylactic acid or polyglycolic acid), beads or liposomes, that provide for the confrolled or
sustained release of the product, which are then be delivered via a depot injection. In addition,

implantable drug delivery devices may be used to introduce the desired therapeutic agent.

{6147] In some embodiments, the donor T cells for use in the T cell therapy are obtained
from the patient (e.g., for an autologous T cell therapy). In other embodiments, the donor T cells
for use in the T cell therapy are obtained from a subject that is not the patient. The T cells may be
administered at a therapeutically effective amount. For example, a therapeustically effective
amount of the T cells may be at least about 10 cells, at least about 16 cells, at least about 106
cells, at lcast about 107 cells, at least about 10° cells, at Ieast about 10°, or at least about 10'% In
another embodiment, the therapewutically effective amount of the T cells is about 10* cells, ahout
10° cells, about 10° cells. about 107 cells, or about 10° cells. In some embodiments, the
therapeutically effective amount of the CAR T cells is about 2 X 10° cellsskg, about 3 X 10°
celistkg, about 4 X 100 cells/kg, about 5 X 100 cellsfkg, about 6 X 100 cells/kg, about 7 X 10°
cells/kg, about 8 X 10° cells/kg, about § X 10° cellsfkg, about 1 X 107 cells/kg, about 2 X 107
cells/kg, about 3 X 107 cefls/kg, about 4 X 107 celis/kg, about 5 X 107 celis/kg, about 6 X 107
cells/kg, about 7 X 107 cells/kg, about & X 107 cells/kg, or about § X 107 cells/kg.  In some
embodiments, the therapeutically effective amount of the CAR-positive viable T cclis is between
about I x 10 and about 2 x 10° CAR-positive viable T cells per kg body weight up to a maxinum

dose of about 1 x 10° CAR-positive viable T cells.

{0148] A "patient” as used berein includes any human who is afflicted with a disease or
disorder, including cancer (e.g., a lympboma or a leukemia). The terms "subject” and "patient” are
used interchangeably herein. The term "donor subject” refers to herein a subject whose cells are
being obtained for further in vitro engincering. The donor subject may be a cancer patient that is
to be treated with 3 population of cells generated by the methods described herein (i.e., an
autologous donor), or may be an individual who donates a lymphocyte sample that, upon
generation of the population of cells generated by the methods described herein, will be used to
treat a different individual or cancer patient (1.e., an allogeneic donor). Those subjects who receive

the cells that were prepared by the present methods may be referred to as "recipient subject.”

{0149] The terms "stirnulation,” "stimulating,” or the like refer to a primary response

induced by binding of a stimulatory molecule with its cognate ligand, wherein the binding
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mediates a signal transduction event. A "stirnulatory molecule” is a molecule on a T cell, e g., the
T cell receptor (TCRYCD3 cormplex, that specifically binds with a cognate stimulatory ligand
present on an antigen present cell. A "stimulatory figand” is a figand that when present on an
antigen presenting cell (e.g., an artificial antigen presenting cell (aAPC), a dendritic cell, a B-cell,
and the like) may specifically bind with a stimulatory melecule on a T cell, thereby mediating a
primary response by the T cell, including, but not imited to, activation, initiation of an immune
response, proliferation, and the like. Stimnulatory ligands include, but are not lited to, an MHC
Class Tmolecule loaded with a peptide, an anti-CD3 antibody, a superagonist anti-CD28 antibody,
and a superagonist anti-CD2 antibody. An "activated” or "active,” as used herein, referstoa T cell
that has been stimulated. An active T cell moay be characterized by expression of one or more
marker selected form CDI37, CD25, CD71, CD26, CD27, CD2E, CD34, CDi54, CD40L, and
CD1i34.

{0136 The term "exogenous activation materials” refers to any activation substance
derived from an externaf source. For example, exogenous anti-C3 antibody, anti-CD28 antibody,
IL-2, exogenous fL-7, or exogenous 1L-15 may be obtained coromercially or produced
recombinanily. “Exogenous IL-2." "Exogenous IL-7," or "exogenous IL-15" when added in or
contacted with one or more T cells, indicates that such IL-2, IL-7 and/or IL-15 are not produced
by the T eells. The T cells prior to being mixed with "Exogenous” 1L-2, IL-7 or IL.-15 may contain
4 frace arnount that were produced by the T cells or isolated from the subject with the T cells (ie.,
endogenous "Exogenous" IE-2, IL-7 or IL-15). The one or more T cells described herein may be
contacted with exogenous anti-UD3 antibody, anti-CD28 antibody, "Exogenous” IL-2, IL-7
andfor TL-15 through any means known in the art, including addition of isolated "Exogenous™ [L-
2, IL-7 and/or IL-15 to the cuolture, inclusion of ant-CD3 antibody, anti-CD28 antibody,
"Exogencus” IL-2, IL-7 and/or IL-15 in the culture medium, or expression of "Exogenous” IL-2,
11.-7 and/or 1115 by one or more cells in the culiure other than the one or more T cells, such as

by a feeder layer.

{6151] As used herein, the term “in vifro cell” refers to any cell which is coltured ex vivo.

In one embodiment, an in vifro cell includes a T cell.

{0182] The term "persistence” refers to the ability of, e.g., one or more transplanted
immune cells administered o a subject or their progenies (e.g., differentiated or matured T cells)
to reroain in the subject at a detectable tevel for a period of time. As used herelxn, increasing the

persistence of one or more transplanted immune cells or thetr progenies (e.g., differentiated or
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matured T cells) refers to increasing the amount of time the transplanted immune cells are
detectable in a subject after administration. For example, the in vive persistence of one or more
transplanted invoune cells raay be increased by at least about at least about 1 day, at least about 2
days, at Jeast about 3 days, at Jeast about 4 days, at least about § days, at least about 6 days, at
feast about 7 days, at least about 8 days, at least about 9 days, at least about 10 days, at least about
11 days, at lcast about 12 days, at least about 13 days, at least about 14 days, at least about 3
weeks, at least about 4 weeks, at least about 1 month, at least about 2 yoonths, at least about 3
months, at least about 4 months, at {east about 5 months, or at least about 6 months. In addition,
the in vivo persistence of one or more transplanted immune cells may be increased by at least
about 1.5-fold, at teast about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5~
fold, at least about 4-fold, at least about 4.5-fold, at least about S-fold, at least about 6-fold, at
feast about 7-fold, at least about &-fold, at least about 9-fold, or at least about 10-fold compared
to the one or more fransplanted iromume cells that were not prepared by the present methods

disclosed herem.

{0153] The terms "reducing” and "decreasing” are used interchangeably bercin and
indicate any change that is less than the original. "Reducing” and "decreasing” ave relative terms,
requiring a coraparison between pro- and post- measureroents. "Reducing” and "decreasing”
include coraplete depletions. The term "modufating” T cell maturation, as used herein, refers to
the use of any intervention described herein to control the mataration and/or differentiation of one
or more cells such as T cells. For example, modulating refers to inactivating, delaying or
inhibiting T cell maturation. In another example, modulating refers to accelerating or promoting
T cell maturation. The term "delaying or inhibiting T cell maturation” vefers to maintaining one
or more T cells in an immatwe or undifferentiated state. For example, "delaying or inhibiting T
cell maturation” may refer to maintaining T cells in a naive or Tom state, as opposed to progressing
to a Tem or Terr state. {n addition, "delaying or inbibiting T cell maturation” may refer to
increasing or enriching the overall percentage of immatwre or undifferentiated T cells {e.g., naive
T cells and/or Tom cells) within a mixed population of T cells. The state of a T cell {e.g., as mature
ot immature) may be determined, e.g., by screening for the expression of various genes and the
presence of various proteins expressed on the surface of the T cells. For example, the presence of
ane or more marker selected from the group consisting of L-selectin (CD6ZL+), IL-TR-g, CD132,
CR7, CD45RA, CD4SRO, CD27, CD2S, CDY5, IL-2RP, CXCR3, LFA-1, and any combination

thereof may be indicative of less mature, undifferentiated T cells.
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{0154] "Treatinent” or "treating” of a subject/patient refers to any type of intervention or
process performed on, or the administration of one or more T cells prepared by the present
application to, the subject/paticnt with the objective of reversing, alleviating, ameliorating,
inhibiting, slowing down or preventing the onset, progression, development. severity or
recurrence of a syraptom, complication or condition, or biochemical indicia associated with a
discase. In one aspect, "treatment” or "treating” includes a partial remission. In another aspect,

"treatment” or "treating” includes a complete remission.

[0155] Various aspects of the application are deseribed in further detail in the following

subsections.

{8136] Patients with B-cell malignancies bearing high levels of circulating CD19-
expressing tumor cells represent a population with very high unmet need. For example, Mantle
Cell Lymiphoma (MCL)} is challenging to treat in the relapsed or refractory setting and remains
incurable. No standard-of-care exists for second-line and higher chemotherapy. Treatraent options
include cytotoxic chemotherapy, proteasome inhibitors, immunomoduelatory drugs, tyrosing
kinase inhibitors, and stem cell transplant (both autologous [ASCT] and aliogenic stem cell
transplant {allo-SCT1). The choice of regimen 15 infhicnced by prior therapy, comorbidities and
tumor chemosensitivity. Despite the bigh initial response rates observed with Braton’s tyrosine
kinase inhibitor (BTK inhibitors), most patients will eventually develop progressive disease. New
therapeutic strategies are needed to improve the dismal progunosis of patients with r/r MCL whose
disease has not been effectively controlled with chemo-immunotherapy, stero cell transplant and

the BTK inhibitors.

{6157] The antt-CD19 CAR T-cell therapy or product used in CD19 CAR-T may be

manutfactured from the patient’s own T cells, via leukapheresis suitable for B-cell malignancies

product. The T cells from the harvested leukocytes from the leukapheresis product may be
enriched by selection for CO4+/CDE+ T cells, activated with anti-CD3 and anti-CD28 antibodies,
and/or transduced with a viral vector contaiming an angi-CD12 CAR gene. Mote details of the
method may be found in PCT/US2015/014520 published as WO2015/120096 and in
PCTUS2016/057983 published as WO2017/070395. In one embodiment, the cells are not reated
with AKT inhibitors, IL-7, and IL-15. These engineered T cells may be propagated o generate a

sufficient number of cells o achieve a therapeutic effect. Such process removes CD19-expressing
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malignant and normal B cells, which may reduce activation, expansion, and exhaustion of the anti-

CD19 CAR T celis.

{0158] The activation, transduction, and/or expansion of inunune cells may be conducted
at any suitable time which allows for the production of (1) a sufficient murober of cells in the
population of engineered ironuine cells for at least one dose for administering to a patient, (i) a
population of engineered immune cells with a favorable proportion of juvenile cells compared to
a typical longer process, or (iti) both (i) and (it). The suitable time may factor several parameters,
including the population of one or more cells, the cell surface receptor expressed by the immune
cells, the vector used, the dose that is needed to have a therapeutic effect, and/or other variables.
The time for activation may be 0 days, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, &
days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19
days, 20 days, 21 days, or more than 21 days. The tirne for activation according to the method of
present application would be reduced compared o expansion methods known in the art. For
example, the time for activation may be shorter by at least 5%, at least 10%, at least 15%, at least
20%, at lcast 25%, at least 30%, at lcast 35%, at least 40%, at least 45%, at least 50%, at least
55%. at least 60%, at least 65%, at least 70%, at least 75%, or may be shorter by more than 75%.
Further, the time for expansion may be ¢ days, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days, § days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18
days, 19 days, 20 days, 21 days, or more than 21 days. The tirse for expansion according to the
method of present application would be reduced compared to expansion methods known in the
art. For example, the time for expansion may be shorter by at least 5%, at least 10%, at least 15%,
at least 20%, at least 25%. at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%. at least 60%, at least 65%, at least 70%, at least 75%. or may be shorter by more than
75%. In one embodiment, the time for cell expansion is about 3 days, and the time from

enrichment of the population of cells to producing the engineered immune cells is about 6 days.

{3159] The delay or inhibition of the maturation or differentiation of the one or more T
cells or DC cells may be measured by any methods known in the art. For example, the delay or
inhibition of the maturation or differentiation of the one or more T cells or BT cells may be
measured by detecting the presence of one or biomarker. The presence of the one or more
biomarker may be detected by any method known in the art, including, but not limited to,
immunohistochemistry and/or fluorescence-activated cell sorting (FACS). The one or more
biomarker is selected from the group consisting of L-selectin (CD6ZL"), IL-7TRa, C3132, CCR7,
CD45RA, CD4SRO, CD27, CD28, CDY5, IL-2RA, CXCR3, LFA-1, or any combination thereof.
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In certain aspects, the delay or inhibition of the mataration or differentiation of the one or more T
cells or DC cell) may be measured by detecting the presence of one or more of L-selectin
{CD62L, 1L-7Ra, and CD132. Une of skill in the art would recognize that though the present
methods may inerease the relative proportion of immature and undifferentiated T cells or DC cells
in a population of collected cells, some matwre and differentiated cells may still be present. As a
result, the delay or inhibition of the maturation or ditferentiation of the one or moore T cells or DC
cells roay be measured by calcalating the total percent of imynatare and undifferentiated cells in a
cell population before and after exposing one or more cells obtained from a donor subject to
hypoxic culture conditions with or without pressures above atmospheric pressure. The methods
disclosed herein may increase the percentage of iromature and undifferentiated T cells ina T cell

populaton.

{B1e8] The methods described herein further comprise stimulating the population of cells
such as lymphocytes with one or more T-cell stimulating agents to produce a population of
activated T cells vnder a suitable condition. Any combination of one or more suitable T-cell
sttmulating agents may be used to produce a population of activated T cells including, including,
but not limited to, an antibody or functional fragment thereof which targets a T-cell stimulatory
or co-stimulatory molecule {e.g., anti-CD2 antibody, anti-CD3 antibody (such as OKT-3), anti-
CPD28 antibody, or a functional fragment thereof), or any other suitable mitogen (eg.,
tetradecanoyl phorbol acetate (TPA), phytohacmagghitinin (PHA), concanavalin A {conA),
lipopolysaccharide (LPS), pokeweed mitogen (PWM)), or a natural ligand to a T-cell stimulatory

or co-stimulatory meolecule.

{0161} The suitable condition for stimulating or activating the population of imnwne cells
as described herein further include a temperature, for an amount of tiroe, and/or in the presence of
a level of CO,. The temperature for stimulation may be about 34 °C, about 35 °C, about 36 °C,
about 37 °C, or about 38 °C, about 34-38 °C, about 35-37 °C, about 36-38 °C, about 36-37 °C

or about 37 °C.

{0162] Another condition for stinusfating or activating the population of sumune cells as
described herein may further include a time for stimulation or activation. The tiroe for stimnilation
is about 2472 hours, about 24-36 hours, about 303-42 hours, about 3648 hours, about 40-52
hours, about 42-54 hours, about 44-56 hours, about 46-58 hours, about 48-60 hours, about 54—

66 hours, or about 60-72 hours, about 44-52 hours, about 40-44 hours, about 40-48 hours, about
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40-52 hours, or about 4056 howrs. In one embodiment, the tme for stimulation is about 48 hours

or at least about 48 hours.

{0163] Other conditions for stimulating or activating the population of immune cells as
described herein may further include 2 COn. Level. The level of O, for stimuliation is about 1.0
10% C(3n, about 1.0%, about 2.0%, shout 3.0%. about 4.0%, about 5.0%, about 6.0%, about 7.0%,
about 8.0%, about 9.0%, or about 10.0% CO-=, about 3-7% CQOs, about 4-6% CQOy, about 4.5~

5.5% COs. In one embodiment, the level of CO; for stimulation is about 5% COa.

{0164] The conditions for stimulating or activating the population of immune cells may
further comprise a temperature, for an araount of time for stimulation, and/or in the presence of &
fevel of COn in any combination. For example, the step of stimulating the population of immune
cells may comprise stimulating the population of immune cells with one or more immune cell
stimulating agents at a terperature of about 36-38 °C, for an amount of time of about 44-52
hours, and in the presence of a level of COy of about 4.5-5.5% CO». The one or more tmmune
cells of the present application may be admimstered to a subject for use in immune or cell therapy.
Accordingly, the one or more imaune cells may be collected front a subject in need of a immune
or cell therapy. Once collected, the one or more invoune cells may be processed for any suitable

period of time before being admunistered to a subject.

{8165] The concentration, amount, or population of lyraphocytes or resulting product
made by the methods herein is about 1.0 — 10.0 x 10° celis/mL. In certain aspects, the
concentration is about 1.0 — 2.0 x 10° celis/mL, about 1.0~ 3.0 x 10° cells/mi, about 1.0 ~4.0x
10° celis/mL., about 1.0~ 5.0 x 10° celfs/mL, about 1.0 — 6.0 x 10° cells/mL., about 1.0~ 7.0 x 10°
celis/mL, about 1.0 - 8.0 x 10° cells/mL, 1.0 - 9.0 % 10° celis/mL, about 1.0~ 10.0 x 10° cells/mL,
about 1.0 - 1.2 x 10° cells/mL, sbout 1.0 —~ 1.4 x 10° cells/mL, about 1.0 — 1.6 x 10° cells/mL,
about 1.0~ 1.8 x 10° cells/mL, about 1.0 - 2.0 x 10° cells/ml, at least about 1.0 x 10° cells/ml.,
at feast about 1.1 x 10% cells/mL, at feast about 1.2 x 10° cells/mL, at least about 1.3 x 10° cells/ml.,
at least about 1.4 x 10 cells/mL, at least about 1.5 x 10° celis/mL. at least about 1.6 x 10° cells/mL,
at least about 1.7 x 10° ceils/rol., at least about 1.8 x 10° celis/mL,, at least about 1.9 x 10° cells/ml,
at least about 2.0 x 10° cells/mL. at least about 4.0 x 10° celis/mL, at least about 6.0 x 10° cells/mL,

at least about 8.0 x 10° celis/mL, or at least about 10.0 x 10° cells/mL.

{0166] Axn anti-CD3 antibody (or functional fragment thereof), an anti-CD28 antibody (or
functional fragment thereof), or a combination of anti~-CD3 and anti-CD28 antibodies may be used

in accordance with the step of stimulating the population of lymphocyies, together or
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independently of exposing one or more cells obtained from a donor subject to hypoxic culture
conditions with or without pressures above atmospheric pressure. Any soluble or immobilized
ant-CD2, anti-CH3 and/or anti-C2Y antibody or functional fragment thereof may be used {(e.g.,
clone OKT3 (anti-CD3), clone 145-2C11 (anti-CD3), clone UCHTI (anti-CD3), clone 1293 (anti-
CP28), clone 15E8 (anti-CD2Z8)). In some aspects, the antibodies may be purchased commercially
from vendors known in the art including, but not limited to, Miltenyi Biotec, BD Biosciences {e.g.,
MACS GMP CD3 pure Imgfml, Part No. 170-076-116), and eBioscience, Ine. Further, one
skilled in the art would wnderstand how to produce an anti-CD3 and/or anti-CD28 antibody by
standard methods. In some aspect, the one or more T cell stimulating agents that are used in
accordance with the step of stimulating the population of lymphocytes include an antibody or
functional fragment thereof which targets a T-cell stimulatory or co-stimulatory molecule in the
presence of a T cell cytokine. In one ecmbodiment, the one or more T cell stimulating agenis
include an anti-CD3 antitbody and {L-2. In certain embodiment, the T cell stimulating agent
includes an anti-CD3 antibody at a concentration of 30 ng/ml. The concentration of anti-CD3
antibody is about 20 ng/mL-100 ng/mL, about 20 ng/mL, about 30 ng/ml., about 40 ng/mL, about
50 ng/ml, about 60 ng/ral., about 70 ng/ml., about 80 ng/ml., about 90 ng/ml., or about 100

ng/ral.. In an alternative aspect, T cell activation 18 not needed.

{0167] The methods described herein further comprise fransducing the population of
activated immune cells with a viral vector comprising a nucleic acid molecule which encodes the
cell surface receptor, using a single cycle or more of viral transduction to produce a population of
transduced immune cells. Several recombinant viruses have been used as viral vectors to deliver
genetic material to a cell. Viral vectors that may be used in accordance with the transduction step
may be any ecotropic or amphotropic viral vector including, but not limited to, recombinant
retroviral vectors, recombinant lentiviral vectors, recombinant adenoviral vectors, and
recombinant adeno-assoctated viral (AAV) vectors. The method further comprises fransducing
the one or more impuine cells with a retrovirus. In one aspect, the viral vector used to transduce
the population of activated immune cells is an MSGV1 gamma retroviral vector. In one
embodiment, the viral vector used o transduce the population of activated tromune cells is the
PGI3-CDI9-H3 Vector deseribed by Kochenderfer, S fmmunother. 32(7): 689702 (2009).
According to one aspect of this aspect, the viral vector is grown in a suspension culture in a
medivm which is specific for viral vector manufacturing referred to berein as a viral vector
inoculum. Any suitable growth moedia and/or supplements for growing viral vectors may be used
int the viral vector inoculum in accordance with the methods described herein. According to some

aspects, the viral vector inoculum is then added to the serum-free culture media described below
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during the transduction step. In some aspect, the one or more immune cells may be transduced
with a retrovirus. In one embodiment, the retrovirus comprises a heterologous gene encoding a
cell surface receptor. In another embodinent, the cell surface receptor raay bind an antigen on the
surface of a target cell, e.g., on the surface of a tumor cell. In addition to optionally exposing one
or more cells obtained from a donor subject to hypoxic culture conditions with or without
pressures above atmospheric pressure, the conditions for transducing the population of activated
immune cells as deseribed herein may comprise a specific tiroe, at a specific temperature and/or
in the presence of a specific level of C0O». The temperature for transduction is about 34 °C, about
35 °C, about 36 °C, about 37 °C, or about 38 °C, about 34-38 °C, about 35-37 °C, about 36-38
°C, about 36-37 °C. In one embodiment, the temperatnure for transduction is about 37 °C. The
predetermined temperature for transduction may be about 34 °C, about 35 °C, about 36 °C, about
37 °(C, about 38 °C, or about 3% °C, about 3439 °C, about 35-37 °C. In one embodiment, the
predetermined femperature for transduction may be from about 36-38 °C, about 36-37 “C or about
37 °C. The tume for ransduction 18 about 12-36 hours, about 12-16 hours, about 12-20 hours,
about 12-24 hours, about 12-28 hours, about 12-32 hours, about 20 howrs or at least about 20
hours, 18 asbout 16-24 hours, about 14 hours, at least about 16 hours, at least about 18 hours, at
east about 20 hours, at feast about 22 hours, at least about 24 howrs, or at {east about 26 howrs.
The level of CO» for transduction 18 about 1.0-10% C0O», about 1.0%, about 2.0%, about 3.0%.

about 4.0%, about 5.0%, about 6.0%, ahout 7.0%, about 8.0%, about 9.0%, about 10.0% CQOs,

{0168] Transducing the population of activated imnune cells as described herein may be
performed for a period of time, at certain temperature and/or in the presence of a specific level of
C{» in any combination: a temperature of about 36-38 °C, for an amount of time of about 16-24
hours, and in the presence of a level of CO: of about 4.5-5.5% C(: The imnune cells may be
prepared by the corpbination of any one of the roethods of the application with any manufacturing
method of preparing T cells for immunotherapy, including, without limitation, those described in
PCT Publications Nos. WQ2015/120096 and WO2017/4370395, which are herein incorporated by
reference in their fotality for the purposes of describing these roethods; any and all moethods used
in the preparation of Axicabtagene ciloleucel or Yescarta®; any and all methods used in the

™ any and all methods used in the preparation of "off-

preparation of Tisagenlecleucel/Kymriah
the-shelf” T cells for Unnunotherapy; and any other methods of preparing lymphocyies for
administration to bumans. The manufacturing process may be adapted to remove civeulating tumor

cells from the cells obtained from the patient.

- 56 -



WO 2024/092152 PCT/US2023/077950

{0169] CAR-T cells may be engineered to express other molecules and may be of any one
of the following exemplary types or others available in the art: first, second, third, fourth, fifth, or
more CAR-T cells; Armored CAR-T cells, Motide CAR-T cells, TRUCK T-cells, Switch receptor
CAR-T cells; Gene edited CAR T-cells; dual receptor CAR T-cells; suicide CAR T-cells, drug-
inducible CAR-T cells, synNotch inducible CAR T-cells; and inhibitory CAR T-cells. In one
aspect, the T cells are autologous T-cells. In one aspect, the T cells are autologous stem cells (for

autologous steyn cell therapy or ASCT). In one aspect, the T cells are non-autologous T-cells.

{0176] The cells (such as immune cells or T cells) are genetically modified following
isolation or selection using known methods or activated and/or expanded {or differentiated in the
case of progenitors} in vitro prior to being genetically modified. The inmune cells, e.g., T cells,
are genetically modified with the chimeric antigen receptors described herein {(e.g., transduced
with a viral vector coraprising one or more mucleotide sequences encoding a CAR) and activated
andfor expanded in vitro. Methods for activating and expanding T cells may be found in U.S.
Patent Nos. 6,905,874; 6,867,041; and 6,797,514, and PCT Publication No. WO 2012/079000,
which are hereby incorporated by reference in their entirety. Generally, such roethods may include
contacting PBMC or isolated T cells with a stimulatory agent and costimulatory agent, such as
anti-CD3 and/or anti-CD28 antibodies, that may be attached to a bead or other surface, in a culture
medivm  with certain cytokines, such as B.-2. The Dyunabeads® system, a CD3/CD2E
activator/stimulator system for physiological activation of human T cells may be used. The T
cells may be activated and stimulated to proliferate with suitable feeder cells, antibodies and/or
cytokines as described in U.S. Patent Nos. 6,040,177 and 5,827,642 and PCT Publication No. WO

20127129514, which are hereby incorporated by reference in their entivety.

{8171} The cell surface receptor that is expressed by the engineered immune celis may be
any antigen or molecule to be targeted by CAR, such as an anti-CD19 CAR, FMU63-282 CAR,
or FMC63-CDR8Z8BBYZ CAR (Kochenderfer et al., J Immunother. 2009, 32(7): 689; Locke et al.,
Blood 2010, 116(20):4009, the subject matter of both of which is herchy incorporated by
reference. In certain aspects, the predetermined dose of engineered immune cells may be more
than about 1 million to less than about 3 million transduced engineered T celis/kg. In one
embodiment, the predetermined dose of engineered T celis may be more than about 1 million to
about 2 million transduced engineered T cells per kilogram of body weight (cells/kg). The
predetermined dose of engineered T cells may be more than 1 million to about 2 million, at least
about 2 million to less than about 3 million ransduced engineered T cells per kilogram of body

weight (celis/kg). Tn one embodiment, the predetermined dose of enginecred T celis roay be about
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2 million transduced engineered T cells/kg. In another embodiment, the predetermined dose of

engineered T cells may be at least about 2 million transduced engineered T cells/kg. Examples of
the predetermined dose of engineered T cells may be about 2.0 million, about 2.1 milion, about

2.2 million, about 2.3 nullion, about 2.4 mullion, about 2.5 million, about 2.6 million, about 2.7

miltion, about 2.8 million, or about 2.9 million transduced enginecred T cells/kg.

{6172] The methods described herein comprise increasing or enriching the population of
transduced one or more immune cells for a period of time to produce a population of engincered
immune cells. The time for expansion may be any suitable time which allows for production of
(1) a sufficient number of cells in the population of enginecred ironume cells for at least one dose
for administering o a patient, {ii) a population of engineered immnune cells with a favorable
proportion of juvenile cells compared to a typical longer process, or (it} both (i) and (ii). This
time will depend on the cell surface receptor expressed by the imnune cells, the vector used, the
dose that is needed to have a therapeutic effect, and other variables. The predetermined time for
expansion may be 0 days, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, § days, 9 days, 10
days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21
days, or more than 21 days. In one embodiment, the time for expansion of the present method is
reduced compared to those known in the art. For cxaraple, the predetermined time for expansion
may be shorter by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%

at least 35%, at least 40%, at least 45%, at least S0%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, or may be shorter by more than 75%. In one example, the time for
cxpansion is about 3 days, and the time from cnrichent of the population of lymphocytes o

producing the erxgineered imoune cells is about 6 days.

{01731 The conditions for expanding the population of transduced inunune cells may
include a temperature and/or in the presence of a level of COy. In certain aspects, the temperature
is about 34 °C, about 35 °C, about 36 °C, about 37 °C, or about 38 °C, about 35-37 °C, about 36~

37 °C, or about 37 °C. The level of COris 1.0-10% COn, about 1.0%, about 2.0%, about 3.0%,
about 4.0%, about 5.0%, about 6.0%, abowt 7.0%, about 8.0%, ahout 9.0%, about 10.0% COs,
about 4.5-5.5% CQy, about 5% O, about 3.5%, about 4.0%, about 4.5%, about 5.0%, about

5.5%, or about 6.5% CQs.

{6174] Each step of the methods described herein may be performed in a closed system.
The closed system may be a closed bag culture system, using any suitable cell culnure bags {e.g.,

Miitenyt Biotec MACS® GMP Cell Differentiation Bags, Origen Biomedical Permalife Cell
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Culture bags). The cell cuiture bags used in the closed bag culture system may be coated with a
recombinant buman fibronectin fragraent during the transduction step. The recombinant human
fibronectin fragroent may include three functional domains: a central celi-binding domain,
beparin-binding domain II, and a CSl-sequence. The recornbinant human fibronectin fragment
may be used to increase gene efficiency of retroviral transduction of invmune cells by aiding co-
localization of target cells and viral vector. In one embodiment, the rccombinant huroan
fibronectin fragment is RETRONECTIN® (Yakara Bio, Japan). The cell culture bags are coated
with recombinant human fibronectin fragment at a concentration of about -6 pg/mL or about
1-40 pg/ml., about 1-20 pg/ml, 2040 ug/ml, 40-60 yg/ml., about 1 pug/mL, about 2 pg/ml,
about 3 pg/ml., about 4 pg/ml., about 5 ug/iml., about 6 pg/ml, about 7 pg/ml, about 8 pg/ol.,
about @ pg/ml, about 10 ug/ml, about 11 pg/ml., about 12 pg/ml., about 13 pg/ml., about 14
ug/ml, about 15 pug/mi., about 16 pg/mi, about 17 pg/mi., about 18 pg/ml, about 19 yg/ml.,
about 20 pgiml., about 2-5 pgfrol., about 2—-10 pg/ml., about 2-20 ugfrol., about 2-25 pg/md,,
about 2-30 pgfml., about 2-35 pg/ml. about 2—40 pg/ml, about 2-50 pg/ml., about 2-60
pg/ml, at least about 2 yg/ml., at least about 5 pg/ml, at least about 10 pg/ml.. at least about 15
pgiml, at least about 20 ug/ral., at least about 25 pg/mb., at least about 30 pg/ml., at least about
40 pg/ml., at least about 50 pg/ml., or at least about 60 pg/mol. recombinant human fibronectin
fragment. In one embodiment, the cell colture bags are coated with at least about 10 pg/mL
recombinant buman fibronectin fragment. The cell culture bags used in the closed bag culture
system may optionally be blocked with hurnan albumin serum (HSA) durtng the transduction step.
In another erohodiment, the cell culture bags are not blocked with HSA during the transduction

step.

{0175] The population of engineered immune cells produced by the methods described
above may optionally be cryopreserved so that the cells may be used later. A method for
cryopreseyvation of a population of enginecred tmmune celis also s provided herein. Such 3
method may inclade a step of washing and concentrating the population of engineered immune
cells with a diluent solution. For exaraple, the diluent solution is normal saline, 8.9% saline,
Plasmal.yte A (PL), 5% dextrose/(.45% NaCl saline solution (D5), buman serum albumin (HSA),
or a combination thereof. Also, HSA may be added to the washed and concentrated cells for
improved cell viability and cell recovery after thawing. In another aspect, the washing solution is
normal saline and washed and concentrated cells are supplernented with HSA (5%). The method
may also include a step of generating a cryopreservation mixture, wherein the cryopreservation
mixture includes the diloted population of cells in the diluent solution and a suitable

cryopreservative solution. The cryopreservative solution may be any suitable cryopreservative
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sofution including, but not Hmited to, CryoStorld (BioLife Solution), mixed with the diluent
solution of engineered immune cells at a ratio of 1:1 or 2:1. HSA may be added to provide a final
concentration of about 1.0-10%, about 1.0%, about 2.0%, about 3.0%, about 4.0%, about S.0%,
about 6.0%, about 7.0%, about 8.0%, about 9.0%, about 10.0%, about 1-37% HSA, about 1-4%
HSA, about 1-5% HSA, about 1-7% HSA, about 2—-4% HSA, about 2-5% HSA, about 2-6%
HSA, about 2-7% HAS or about 2.5% HSA in the eryopreserved mixture. Cryopreservation of a
population of engineered immune cells moay comprise washing cells with 0.9% normal saline,
adding HSA at a final concentration of 5% to the washed cells, and diluting the cells 1:1 with
CryoStorTM CS10 (for a final concentration of 2.5% HSA in the final cryopreservation mixture ).
In some aspect, the method also includes a step of freezing the oryopreservation nixture. Also,
the cryopreservation mixture is frozen in a controlled rate freezer using a defined freeze cycle at
a cell concentration of between about 1x10° to about 1.5x1) cells/ml of cryopreservation
mixfure. The method may also include a step of storing the cryopreservation mixture in vapor

phase liquid nitrogen.

{8176] The population of engineered imvoune cells produced by the moethods described
hergin may be cryopreserved at a predetermined dose. The predetermined dose may be a
therapeutically effective dose, which may be any therapeutically effective dose as provided below.
The predeterrained dose of engineered immune cells may depend on the cell surface receptor that
is expressed by the immune cells (e.g.. the affinity and density of the cell surface receptors
expressed on the cell), the type of target cell, the nature of the disease or pathological condition

being treated, or a combination of both,

{06177} In one emnbodiment, the population of engineered T cells may be cryopreserved at
a predetermined dose of about 1 million engineered T celis per kilogram of body weight (celis/kg).
In certain embodiment, the population of engineered T cells may be cryopreserved at a
predetermined dose of from about 500,000 to abowt 1 million engineered T cells/kg. In certain
erobodiment, the population of enginecred T cells moay be cryopreserved at a predetermoined dose
of at least about 1 mitlon, at least about 2 yoillion, at least about 3 mallion, at least about 4 nulhion,
at least about 5 million, at least about 6 million, at least about 7 million, at least about 8 million,
at least about 9 million, at least about 10 million enginecred T celis/kg. In other aspects, the
population of engineered T cells may be cryopreserved at a predetermoined dose of less than 1
million cells/kg, I million cells/kg, 2 million cells/kg, 3 million cells/kg. 4 million cells/kg, §
miltion cells/kg, 6 million cclis/kg, 7 million celis/kg, 8 million cells/kg, 9 million cellsfkg, 10

million cells/kg, more than 10 million cells/kg, moore than 20 million cells/kg, more than 30 million
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cells/kg, more than 40 million cells/kg, more than 50 million cells/kg, more than 60 million
celis/kg, more than 70 million cells/kg, more than 80 million cells/kg, more than 90 million
celis/kg, or more than 100 million cells/kg. in certain aspects, the population of engineered T
cells may be cryopreserved at a predetermined dose of from about 1 roidlion to about 2 million
engineered T cells/kg. The population of engineered T cells may be cryopreserved at a
predetermined dose between about 1 million cells to about 2 million celis/kg, about 1 million cells
to about 3 million cells/kg, about 1 million cells to about 4 million cells/kg, about 1 million cells
to about 5 million cells/kg, about 1 million cells to about 6 million celis/kg, about I mullion cells
to about 7 million cells/kg, about 1 million celis to about 8 million celis/kg, about I million cells
to about 9 million cells/kg, about 1 million cells to about 10 mwillion cells/kg. The predetermined
dose of the population of engineered T cells may be calculated based on a subject’s body weight.
In one exaraple, the population of engineered T cells may be cryopreserved in about 8.5-200 mL
of cryopreservation media.  Additionally, the population of engineered T cells may be
cryopreserved in about 6.5 mL, about 1.0 mL., about 5.0 mL, about 10.0 mL., about 20 mL., about
30 mL, about 40 mL, about 30 mL, about 60 mL, about 70 mL, about 80 mlL, about 90 mL, or
about 100 ml., about 10-30 ml., about 10-50 ml., about 18-70 ml., about 10-90 ml., about
50~70 mlL., about 30-90 ml, about 50-110 mi., about 30~150 ml., or about 100-200 mL of
cryopreservation media. In certain aspects, the population of enginecred T cells may be preferably

cryopreserved in about 50-70 mL of cryopreservation media.

{0178] In one embodiment, at least one of (a) contacting the population of immune cells
with exogenous L2, exogenous IL-7, exogenous IL-15, and/or other cytokine(s), (b} stirulating
the population of irnmuume cells () ransducing the population of activated fromune cells, and (d)
expanding the population of transduced immune cells is performed using a serom-free culture
medium which is free from added serum. In some aspect, cach of (a) to (d) is performed using a
serum-free culture medium which is free from added serum. As referred to herein, the term
“serom-free media” or “serum-free culture medium” means that the growth media used is not
supplemented with serum {e.g., human serum or bovine serwm}. In other words, no serum is added
to the culture medium as an individually separate and distinct ingredient for the purpose of
supporting the viability, activation and grown of the cultured cells. Any suitable immune cell
growth raedia may be used for culturing the cells in suspension in accordance with the methods
described herein. For example, an tmoune cell growth media may inchude, but ts not limited to, &
sterile, low glocose solution that inclodes a suitable amount of buffer, magnesium, calcium,
sodium pyruvate, and sodium bicarbonate.  In one aspect, the T cell growth media is

OPTMIZER™ (Life Technologies). In confrast to typical methods for producing engineered
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immune cells, the methods described herein may use culture medium that is not supplemented

with serum {e.g., human or bovine).

{6179] The application provides various methods of wreatment of cancer with T cells. In
one aspect, the T cells are CAR-T cells against CD19, which may be prepared by the combination
of any one of the methods of the application with any step of the manufacturing method of
preparing T cells for immunotherapy, including, without limitation, those described in PCT
Publication Nos. WO2(15/120096 and WO2017/074395, both of which are herein incorporated
by reference in their totality for the purposes of describing these methods; any and all methods
used in the preparation of Axicabtagene ciloleucel or Yescarta®; any and all methods used in the
preparation of Tisagenlecleucel/Kymriah™ ; any and all methods used in the preparation of "off-
the-shelf” T cells for Ummunotherapy; and any other methods of preparing lyraphocytes for
administration to humans. In some aspect, the manufacturing process is adapted to specifically

remove circelating tumor cells from the cells obtained from the patient.

{0186] In one aspect, the T cells are the CD18 CAR-T cells, prepared by the method
described in PCT/US2016/057983. In one embodiment, a population of T cells that is depleted of
circulating tumor cells is prepared from leukapheresis products. These cells may be prepared as
described in PCT/US2016/057983 and are firther described herein as CD19 CAR-T cells. Briefly,
CDi18 CAR-T is an autologous CAR T-cell product in which a subject’s T cells are engineered to
express receptors consisting of a single-chain antibody fragment against CD19 linked to CD28
and CD3¢ activating domains that result in eliroination of CD19-expressing cells. Following CAR
engagement with CD19" target cells, the CD3( domain activates the downstream signaling
cascade that leads to T-cell activation, proliferation, and acquisition of effector functions, such as
cytotoxicity. The intracelhular sigualing domain of CD28 provides a costinulatory signal that
function with the primary CD3 signal to augment T-cell function, including interleukin (IL)-2
production. Together, these signals may stimulate proliferation of the CAR T celis and direct
killing of target cells. {n addition, activated T cells may secrete cytokines, chemokines, and other
molecules that may recruit and activate additional antituroor tmmane cells. The anti-CD19 CAR

in the CD9 CAR-T cells may comprise FMC63-287.

{0181] Due to the presence of circulating tumor cells in certain cancers, the manufacture
of CD19 CAR-T includes a CD4™ and CD8* T-cell enrichment step. The T-celf enrichment or

isolation step may reduce circulating CD19-expressing timor cells in leukapheresis material, and
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may relate to the activation, expansion. and exhaustion of the anti-CD 9 CAR T cells during

manufacturing.

{6182} The methods described herein may enhance the treatment gutcome or effectiveness
of an immwune or cell therapy), which may be an adoptive T cell therapy selected frorm the group
consisting of wmor-infilirating bymphocyte (TIL) immunotherapy, autologous cell therapy,
engineered autologous cell therapy (eACT™), allogeneic T cell wansplantation, non-T cell
transplantation, and any combination thercof. Adoptive T cell therapy broadly includes any
method of selecting, enriching in virre, and adomunistering to a patient autologous or allogeneic T
cells that recognize and are capable of binding tumor cells. TIL immunotherapy is a type of
adoptive T cell therapy, wherein lymphocytes capable of infilirating tumor tissue are isolated,
enriched in vifro, and administered to a patient. The TIL cells may be either autologous or
allogeneic. Autologous cell therapy is an adoptive T cell therapy that involves isolating T cells
capable of targeting tumor cells from a patient, enriching the T cells in virro, and administering
the T cells back to the same patient. Allogeneic T cell transplantation may include transplant of
naturally occurring T cells expanded ex vive or genetically engineered T cells. Engineered
autologous cell therapy, as described in more detail above, 1s an adoptive T cell therapy wherein
a patient's own fymphocytes are isolated, genetically modified to express a mmor targeting
molecule, expanded in vitre, and administered back to the patient. Non-T cell tramsplantation roay
include antologous or allogeneic therapies with non-T cells such as, but not limited to, natural

killer (NKJ) celis.

{0183] The immune cell therapy of the present application is engineered Autologous Cell
Therapy {(cACT™, According to this aspect, the method may include collecting tmmune celis
from a donor. The isolated inmmoune cells may then be contacted with an exogenous activation
reagent (e.g.. cytokine), expanded, and engineered to express a chimeric antigen recepior
{"engineered CAR T cells™) or T cell receptor ("engineered TCR T cells™). In some aspect, the
engineered inmnune cells &reat 3 fumor in the subject. For example, the one or more immune cells
are transduced with a retrovirus comprising a heterologous gene encoding a cell surface receptor.
In one embodimentx, the cell surface receptor is capable of binding an antigen on the surface of a
target cell, e.g., on the surface of a wmor cell. In some embodiment, the cell surface receptoris a
chimeric antigen receptor or a T cell receptor. In another embodiment, the one or more immune
cells may be engineered to express a chimeric antigen receptor. The chimeric antigen receptor
may comprise a binding molecule to a fumor antigen. The binding meolecule may be an antibody

ot an anfigen binding molecule thereof. For exaraple, the antigen hinding molecule may be
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selected from scFv, Fab, Fab', Fv, F(ab")2, and dAb, and any fragments or combinations thereof.
The chimeric antigen receptor may further comprise a hinge region. The binge region may be
derived from the hinge region of IgGl, Ig(G2, 1903, eG4, IgA, Igh, Igk, igM, CD2E, or CDY
alpba. In one embodiment, the hinge region is derived from the hinge region of IgG4. The chimeric
antigen receptor may also comprise a transmembrane dorpain, The transmembrane domain may
he a transmembrane domain of any transmembrane molecule that is a co-receptor on tnnune celis
or a transmembrane domain of a member of the tomunogiobulin superfamily. In certain
embodiment, the transmembrane domain is derived from a transmembrane domain of CD28,
CD28T, CD8 alpha, CD4, or CD19. In another embodiment, the transmembrane domain
coroprises a domain derived from a CDZ8 transmembrane domain. In another erobodiment, the
transmembrane domain comprises a domain derived from a CD28T transmembrane domain. The
chimeric antigen receptor may further comprise one or more costimulatory signaling regions. For
exaraple, the costinutatory signaling region may be a signaling region of CD28, CD28T, O0X-40,
418B, CD27, inducible T cell costimulator (JCO8), CD3 ganuna, CD3 delta, CD3 epsilon,
D247, Ig alpha (CD79a), or Fo gamma receptor. In further embodiment, the costimulatory
signaling region is a CD28 signaling region. In another embodiment, the costinuttatory signaling
region is a CD28T signaling region. In additional embodiment, the chimeric antigen receptor

further comprises 4 CD3 zeta signaling domain.

{0184] In some aspects, the tumor antigen is selected from 707-AP (707 alanine proline),
AFP (alpha {a)-fetoprotein), ART-4 (adenocarcinoma antigen recognized by T4 celis), BAGE (B
antigen; b-catenin/m, b-catenin/rantated), BCMA (B cell maturation antigen}, Ber-abl (breakpoint
chuster region-Abelson), CAIX (carbonic anhydrase IX), CD19 (cluster of differentiation 19),
CD20 (cluster of differentiation 20}, CD22 (cluster of differentiation 22), D30 (cluster of
differentiation 30), D33 (cluster of differentiation 33), {D44v7/8 (cluster of differentiation 44,
exons 7/8), CAMEL (CTL-recognized antigen on melanoma), CAP-1 {carcinoembryonic antigen
peptide - 1), CASP-8 {caspase-8), CDC27m (cell-division cycle 27 mutated), CDK4/m {cycline-
dependent kinase 4 mutated), CEA (carcincembryonic antigen}, UT (cancer/testis {antigen)), Cyp-
B (cyclophilin B), DAM (differcuntiation antigen melanoma), EGFR (epidermal growth factor
receptor), EGFRvHL (epidermal growth factor receptor, variant [}, BEGP-2 (epithelial
glycoprotein 2}, EGP-40 (epithelial glycoprotein 40), Erbb2, 3, 4 {erythroblastic leukemia viral
aoncogene homolog-2, -3, 4), ELFZM (elongation factor 2 nutated), ETV6-AML1T (Ets variant
gene G/acute myeloid leukemia 1 gene ETS), FBP (folate binding protein), fAchR (Fetal
acetylcholine receptor), G250 {glycoprotein 250), GAGE (G antigen), GD2 (disialoganglioside

23, GD3  {disialoganglioside 3}, GuT-V (N-acetylglucosaminvitransferase V), GplQ0

S
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{glycoprotein 100kD). HAGE (helicose antigen), HER-2/peu (human epidermal receptor-
2imeurslogical; also known as EGFR2), HLA-A (human leukocyte antigen-A) HPY (human
papilloma virus), HSP70-2M (heat shock protein 70 - 2 puatated), HST-2 (human signet ring turor
-2, WTERT or hTRT (human telomerase reverse transcriptase), tCE (ntestinal carboxyl esterase),
if-13R-a2 (Interleukin-13 receptor subunit alpha-2), KIAAG205, KDR (kinase insert domain
receptor), w-light chain, LAGE (1. antigen), LDLR/FUT dow density lipid receptot/GDP-L-
fucose: b-D-galactosidase 2-a-Liuvcosyltransferase), LeY (Lewis-Y antibody), LICAM (L1 cell
adbesion molecale}, MAGE (melanoma antigen), MAGE-A1 (Melanoma-associated antigen 1),
MAGEH-A3, MAGE-AS, mesothelin, Murine CMV infected cells, MART-1/Melan-A (melanoma
antigen recognized by T cells-1/Melanoma antigen A), MCIR (melanocortin 1 receptor),
Myosin/m {myosin mutated), MUCT {mucin 1), MUM-1, -2, -3 (melanoma ubiquitous mutated 1,
2, 3), NABB-A (NA cDNA clone of paticnt M88), NKG2D (Natural killer group 2, member D)
figands, NY-BR-1 (New York breast differentiation antigen 1), NY-ESO-1 (New York esophageal
squamous cell carcinoma-1), oncofetal antigen (h8T4), P15 (protein 15), p190 minor ber-abl
{protein of 190KD ber-abl), Pmli/RARa (promyelocytic leukaemia/retinoic acid receptor a),
PRAME (preferentially expressed antigen of melanoma), PSA (prostate-specific antigen), PSCA
{Prostate stem cell antigen), PSMA {prostate-specific membrane antigen), RAGE (renal antigen),
RUI or RU2 (renal ubiquitous | or 2), SAGE (sarcoma antigen), SART-1 or SART-3 (squamous
antigen rejecting tumor 1 or 3), SSX1, -2, -3, 4 (synovial sarcoma X1, -2, -3, -4), TAA (tumor-
associated antigen), TAG-72 (Tumor-associated glycoprotein 72), TEL/AMLT (franslocation Bis-
family leukernia/acute myeloid leukemia 1), TPYm {triosephosphate isomerase mutated), TRP-1
{tyrosinase related protein 1, or gp75), TRP-2Z {tyrosinase related protein 2), TRP-2/INT2 (TRP-
2fintron 2), VEGF-RZ (vascular endothelial growth factor receptor 2), WT1 (Wilms' tumor gene),

and any combination thereof. In one embodirsent, the taswor antigen is CD19.

{0185] The T cell therapy comprises administering to the patient enginecred T cells
expressing T cell receptor ("engineered TCR T cells"). The T cell receptor (TCR) may comprise
a binding molecule to a tumor antigen. In some aspects, the tumor antigen is selected from the
group consisting of 707-AP, AFP, ART-4, BAGE, BCMA, Ber-abl, CALX, CD19, CD20, CD22,
CD30, CD33, CD44v7/8, CAMEL, CAP-1, CASP-§, CDC27m, CDK4/m, CEA, CT, Cyp-B,
DAM, EGFR, EGFRvVHI, EGP-2, EGP-40, Eibb2, 3, 4, ELF2M, ETV6-AMLI, FBP, fAchR,
G250, GAGE, GDZ, GD3, GaT-V, Gpi00, HAGE, HER-2/neuw, HLA-A, HPV, HSP70-2M, HST-
2, WTERT or bTRT, iCE, IL-13R-a2, KIAAD20S, KDR. x-light chain, LAGE, LDLR/FUT, LeY,
LICAM, MAGE., MAGE-Al, mesothelin, Murine CMV infected cells, MART-1/Melan-A,
MCIR, Myosin/m, MUCI, MUM-1, -2, -3, NAES-A, NKG2ZD ligands, NY-BR-1, NY-ESO-1,
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oncofetal antigen, P15, p190 minor ber-abl, Pml/RARa, PRAME, PSA, PSCA, PSMA, RAGE,
RUT or RUZ, SAGE, SART-1 or SART-3, §5X1, -2, -3, 4, TAA, TAG-72, TEL/AMLI, TPI/m,
TRP-1, TRP-2, TRP-2/INTZ, VEGF-R2, WT1, and any combination thercof.

{0186] “CHio-directed genetically modified autologous T cell tmmunotherapy” refers to
4 suspension of chimeric antigen receptor ({CAR)-positive immune cells. An example of such
immunotherapy is Clear CAR-T therapy, which uses CAR-T cells that are free of circulating tumor
cells and enriched in CD4+/CD8+ T cells. Another example is axicabtagene ciloleucel (also
known as Axi-cel™ YESCARTA®). See Kochenderfer, ef al., (¥ Immunother 2009;32:689 702).
Other  non-himuting examples  include  JCARO17, JCARGIS, JCARO14, Kymriah
{(tisagenlecleucel), Uppsala U. anti-CD19 CAR (NCT02132624), and UCART1®? (Celectis}. See
Sadelain et al. Nature Rev, Cancer Vol. 3 (2003), Ruella et al., Curr Hematol Malig Rep., Springer,
NY (2016) and Sadelain et al. Cancer Discovery (Apr 2013) To prepare CD9-directed genetically
modified autologous T cell immunotherapy, a patient’s own T cells may be harvested and
genetically modified ex vivo by retroviral transduction o express a chimeric antigen receptor
{CAR) coraprising a murine anti-CD19 single chain variable fragroent (scFv) linked to CD2E and
CD3-zeta co-stimulatory domains. In some embodiments, the CAR comprises a murine anti-
CP19 single chain variable fragment (scFv) linked to 4-1BB and CD3-zeta co-stimulatory
doraain. The anti-CD19 CAR T cells may be expanded and infused back into the patient, where

they may recognize and eliminate CD19-expressing target cells.

{0187] {n one aspect, the TCR comprises a binding moleaulde to a viral oncogene. In one
embodiment, the viral oncogene is selected from human papilloma virus (HPV), Epstein-Barr
vitus (EBV), and human T-lympbotropic virus {(HTLV). In another embodiment, the TCR
comprises a hinding molecule to a testicular, placental, or fetal tumor antigen. In one embodirent,
the testicular, placental. or fetal tumor antigen is selected from the group consisting of NY-ES5Q-
1, synovial sarcoma X breakpoint 2 (88X2), melanoma antigen (MAGE), and any combination
thereof. In another embodinent, the TCR coraprises a binding molecule o 2 lincage specific
antigen. Tn additional embodiment, the lineage specific antigen is selected from the group
consisting of melanoma antigen recognized by T cells 1 (MART-1), gpl}, prostate specific
antigen {PSA), prostate specific membrane antigen (PSMA), prostate stem cell antigen (PSCA3,
and any corobinaton thereof. In certain embodiment, the T cell therapy coroprises administering
to the patient engineered CAR T cells expressing a chimeric antigen receptor that binds to CD19
and further comprises a CD28 costimulatory domain and a CD3-zeta signaling region. In

additional embodiment, the T cell therapy comprises administering to a patient KTE-C19. In onc
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aspect, the antigenic moieties also include, but are not linuted to, an Epstein-Barr virus (EBV)
antigen {e.g., EBNA-1, EBNA-Z, EBNA-3, LMP-1, LMP-2), a hepatitis A virus antigen {e.g.,
VP1, VP2, VP3), 3 hepatitis B virus antigen {e.g., HBsAg, HBcAg, HBeAg), a hepatitis C viral
antigen (e.g., envelope glycoproteins B and £2), a herpes simplex viras type 1, type 2, or type 8
(HSV1, HSV2, or HSVE) viral antigen {e.g., glycoproteins gB, gC, gC, gE, ¢, gH, £L, gl gX|
gl gM, UL20, UL32, US43, UL45, UL49A), a cytomegalovitus (CMV) viral antigen {e.g.,
glyeoproteins gB, g, gC, gk, g6, gH, gl, gk, gk, gl.. g¢M or other envelope proteins), a huroan
immunodeficiency viras (HIV) viral antigen {glycoproteins gpl2{, gpdl, or p24), an influenza
viral antigen {e.g., hemagglutinin (HA) or neuraminidase {(NA}), a measles or mumps viral
antigen, a human paptilomavirus (HPV) viral antigen {(e.g., L1, L.2), a parainfluenza virus viral
antigen, a rubella virus viral antigen, a respiratory syneytial virus (RSV) viral antigen, or a
varicella-zostser virus viral antigen. In such aspects, the cell surface receptor may be any TCR,
or any CAR which recognizes any of the aforementioned viral antigens on a target virally infected
cell. In other aspects, the antigenic moiety is associated with cells having an fromune or
inflammatory dysfunction. Such antigenic moieties may include, but are not limited to, myelin
basic protein (MBF) myclin proteolipid protein (PLP), myelin oligodendrocyte glycoprotein
MOG), carcinoernbryonic antigen (CHA), pro-insolin, glutamine decarboxylase (GADGS,
GADG7), heat shock proteins (HSPs}), or any other tissue specific antigen that is involved in or

associated with a pathogenic attolnuaune process.

{0188] The methods disclosed herein may involve a T cell therapy comprising the transfer
of one or more T cells to a patient. The T cells may be administered at a therapeutically effective
amount. For example, a therapeutically effective amount of T cells, e.g., engineered CAR+ T cells
or engineered TCR+ T cells, may be at least about 10% celdls, at least about HY cells, at least about
100 cells, at Icast about 1Y cells, af feast about 1 cells, at least about 107, or at least ahout 10'°,
In another aspect, the therapeutically effective amount of the T cells, e.g., engineered CAR+ T
cells or engineered TCR+ T cells, is about 10% cells, about 107 cells, about 10° cells, about 187
cells, or about 10° cells. In one embodiment, the therapeutically effective amount of the T cells,
e.g., cngineered CAR+ T cells or engincered TCR+ T cells, is about 2 % 10° cells/kg, about 3 x
10° cells/kg, about 4 x 10° cells/kg, about 5 » 10° cells/kg, about 6 x 10° cells/kg, about 7 x 10°
cells/kg, about 8 x 10° cefls/kg, about 9 x 10° cellsfke, about 1 x 107 cellsfkg, about 2 x 107
cells/kg, about 3 x 1Y cells/kg, about 4 x 107 cells/kg, about § x 16 cells/kg, about 6 x 107
cells/kg, about 7 x 107 cells/kg, about 8 x 107 cells/kg, or about 9 x 1Y cells/kg. In one

embodiment, the amount of CDNY CAR-T cells is 2 x 10° cells/kg, with a maximum dose of
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2 x 10° cells for subjects > 100 kg. In another embodiment, the amount of CD19 CAR-T cells is

0.5 x 10° cells/kg, with a maximum dose of 0.5 x 10¢ ceils for subjects > 100 kg.

{0189] The patients may be preconditioned or lymphodepleted prior to administration of
the T cell therapy. The patient may be preconditioned according to any methods known in the art,
including, but not limited to, treatroent with one or more chemotherapy drag and/or radiotherapy.
In some aspects, the preconditioning may include any treatment that redoces the mumber of
endogenous lymphocytes, removes a cytokine sink, increases a serum level of one or more
bomeostatic cytokines or pro-inflamnatory factors, enbances an effector function of T cells
administered after the conditioning, enhances antigen presenting cell activation and/or
availability, or any combination thereof prior to a T cell therapy. The preconditioning may
comprise increasing a serum level of one or more cytokines in the subject. The methods further
comprise administering a chemotherapeutic.  The chemotherapeutic may be a lymphodepleting
{preconditioning} chemotherapeutic. Beneficial preconditioning treatment regimens, along with
correlative beneficial biomarkers are described in U.S. Patent No. 9,855,298, which is hereby
incotporated by reference in its entirety berein. These describe, ¢.g., methods of conditioning a
patient in need of a T cell therapy comprising administering to the patient specified beneficial
doses of cyclophosphamide (between 200 mg/m%/day and 2000 mg/m%/day) and specified doses
of fludarahine (between 20 mgfm*/day and 900 mg/m%day). One such dose regimen involves
treating a patient comprising administering daily to the patent about 500 mg/m¥day of
cyclophosphamide and about 6 mg/m*/day of fludarabine for three days prior to administration
of a therapeutically effective amount of engineered T cells to the patient. In one aspect, the
conditioning regimen comprises cyclophosphamide 500 mg/fm?® + flodarabine 30 mg/m? for 3
days. They may be administered at days -4, -3, and -2 or at days -3, -4, and -3 {day 0 being the
day of administration of the cells). In one embodiment, the conditioning regimen comprises
cvelophosphamide 200 mg/m?, 250 mg/m?, 300 mg/m?, 400v, 500 mg/m? daily for 2, 3, or 4 days
and fludarabine 20 mg/mz, 25 mg/’m';’, or 30 mg/m2 for 2, 3, or 4 days. In one embodiment, and
after  leukapheresis, conditioning chemotherapy (fludarabine 30 mg/m%day and
cyclophosphamide 500 mgfm?/day) is administered on days -3, -4, and -3 prior to an intravenous
nfusion of a suspension of CD19 CAR-T cells. In sore embodiments, the intravenous infusion
time is between 15 and 120 minutes. In one embodiment, the intravenous infusion time is between
1 and 240 moinutes. In some embaodiments, the intravenous infusion time is up to 30 minutes. In
some ermbodiments, the intravenous infusion time is up to 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65,70, 75, 80, 85, 80, 93, or up to 100 minutes. In some embodiments, the infusion volhume is

between 50 and 100 mL. In some embodiments, the infusion volume is between 20 and 100 mi.

=
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In some embodiments, the infusion volume is abowt 30, 35, 40, 45, 50, 55, 60, or about 65 ml. In
some embodiments, the infusion volume is about 68 ml. In some embodiments, the suspension
has been frozen and is used within 6, 5, 4, 3, 2, 1 bhour of thawing. In some embodiments, the
suspension has not been frozen. In some embodiments, the immunotherapy is infused from an
infusion bag. In some cmbodiments, the infusion bag is agitated during the infusion. In some
embodiments, the inmvounotherapy is administered within 3 hours after thawing. Tn some
embodiments, the suspension further comprises albumin. In some embodiments, albumin is
present in an amount of about 2-3% (v/v}. B some embodiments, albumin is present in an amount
of about 2.5% {v/v). In sore embodiments, the albumin is present in an amount of about 1%, 2%,
3%, 4%, or 5% (viv). In some embodiments, albumun s hurnan atboman. In some embodiments,
the suspension further comprises DMSO. In some embodiments, DMSO s present in an amount
of about 4-6% (v/v). In some crmbodiments, DMSO is present in an amount of about 5% (v/v). In
some embodirpents, the DMSO is present in an amount of 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,

9%, or 10% (viv).

{0196] The methods disclosed herein may be used to freat a cancer in a subject, reduce the
size of a tumor, kill aimor cells, prevent tumor cell proliferation, prevent growth of a tumor,
climinate a tumor from a patient, prevent relapse of a tumor, prevent fumor metastasis, induce
remussion in a patient, or any combination thereof. In certain aspects, the methods may induce &

complete response. In other aspects, the methods may induce a partial response.

{0191] Cancers that may be treated include tumors that are not vascularized, vot vet

substantially vascularized, or vascularized. The cancer may also include solid or non-solid tumors.

{6192] In one embodiment, the method may be used to treat a B-cell malignancy bearing
high levels of cireulating CD19-expressing tumor cells and will be indicated for a distinet patient

population with high unmet need.

{6193} In some embodiments, the CAR T cell intervention comprises T celis which are
expanded from a T cell population depleted of circulating lymphorma cells and enriched for
CB4+/CE8+ T cells by positive selection of monomiclear cells from a leukapheresis sample that
is activated with anti-CD3 and anti-CD28 antibodies in the presence of IL-2, and then transduced
with a replication-incorapetent viral vector containing an anti-CD9 CAR construct. In some
embodiments, the CAR construct is FMC63-287 CAR. The CAR T cell generated using this
method may be referred to as KTE-X19. In some embodiments, the cells are autologous. In some

embodiments, the cells are heterologous. In some embodirpents, the dose of CAR-positive T celis
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is 2 x 10° anti-CD19 CAR T cells /kg. In some embodiments, the dose of CAR-positive T cells is
1 x 10% anti-CD19 CAR T cells /kg. In some embodinents, the dose of CAR-positive T cells is
1.6 x 10% anfi-CD19 CAR T eells kg, 1.8 x 10 anti-CD1%8 CAR T eells Kg,or 19x 10° anti-
CD19 CAR T cells /kg. In some embodiments, the CDI9 CAR construct contains a CD3L T cell

activation domain and CD28 signaling domain.

{3194} In some embodiments, the CAR T cells are administered as a single infusion on
Day 0 following conditioning therapy with 25 mg/m“/day of fludarabine on Days -5, -4, and -3
and 900 mg/m*/day of cyclophospharnide on Day -2, after leukapheresis. In some embodiments,
the conditioning therapy comprises 300 mg/m’/day of cyelophosphamide and 30 mg/m®/day of
fludarabine for 3 days. In some embodiments, the conditioning chemotherapy comprises 30
mg/m*day of fludarabine and 500 mg/m*/day of cyclophosphamide on Days -3, -4, and -3. In
some embodirpents, the patient may also have received acetarninopben and diphenhydramine or
another Hl-antihistamine approximately 30 to 60 minutes prior to infusion of anti-CDI9 CAR T
celis. In sore erabodiments, the patients receive one or more additional doses of anti-CD9 CAR

T cells.

{§195] In some embodiments, the MCL cancer is relapsed/refractory MCL (vr MCL). In
some ervhodiments, the patient has received one or more prior treatments. In some embodiments,
the patient has received 1-5 prior treatments. In some embodiments, the prior treatments may have
included autologous SCT, anti-CDZ20 antibody, anthracycline- or bendamustine-containing
chemotherapy, and/or a Bruton Tyrosine Kinase inhibitor (BTKi). In some embodirsents, the
BTKi is ibrotinib (Ibr). In some embodiments, the BTKi is acalabrutinib (Acala). In some
embodiments, the disclosure provides that MCL patients who were previously treated with
ibrutinib had a more pronounced response to anti-CD19 CAR T cell therapy as compared to
patients previously treated with acalabrutinib. Accordingly, the disclosure provides a method of
treating /v MCL with anti-CD19 CAR T cell therapy wherein the patient has becn previously
treated with thrutinib or acalabrutinib and whose cancer is, preferably, relapsed/refractory fo the
same. In some embodiments, the BTKi s tirabnutinib (ONQ-4059), zanubrutimab (BGB-3111),

C(E-1746 or spebrutinib (AVL-292, CC-292).

{0196] In some embodiments, the disclosure provides that for patients with prior Ibr,
Acala, or both, median (range} peak CAR T cell fevels were 5.9 (0.4 - 2589.5), 13.7 (0.2 ~
182,43, or 115.9 (17.2 - 1753.6), respectively. 1o some embodigents, ORR/CR rates to anti-CDIS

CAR T cell therapy in patients with MCL were 94%/65% in patients with prior Ibr, 80%/40% in
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patients with prior Acala, and 100%/100% in patients with both BTKis. In some embodiments,
the 12-month survival rates in patients with prior thr, Acala, or both were 81%, 80%, or 100%,
respectively. In some emabodiments, CAR T cell expansion is associated with ORR/CK rate in
patients previously treated with Ibr and/or Acala. Accordingly, in one embodiment, the patient is
treated with both fhr and Acala. In one embodiment, the disclosure provides a method of
predicting ORR/CR in an MCL patient previously treated with Thr and/or Acala by measuring
peak CAR T cell levels and comparing them to a reference standard. In one embodiment, the
disclosure provides a method of predicting ongoing response based on the measurement of CAR
T celi peak levels/baseline tumor burden (CEN and INV). In one embodiment, the higher the ratio,
the higher the likelihood of ongoing response at/by 12 months. In one embodiment, a ratio between
0.00001 and 0.003 is predictive of non-response at/by 12 months. In one embodiment, a ratio
between 0.006 and 0.3 is predictive of relapse at/by 12 months. In one embodiment, a ration
between 6.4 and 1 is predictive of ongoing response at/by 12 montbs. In one embodiment, the

vatios may be determined by one of ordinary skill in the art from the average populations.

{08197] In some embodiments, the patient raay have received bridging therapy (after
leukapheresis and before chemotherapy) with dexamethasone {e.g., 20 — 40 mg or equivalent PO
or IV daily for 1 — 4 days), methylprednisolone, ibrutinib {(e.g., 560 mg PO daily), and/or
acalabrutinib (e.g., 100 mg PG twice daily) after leukapheresis and completed, for example, in §
days or less before conditioning chemotherapy. In some ernbodiments, such patient may have bad
high discasec burden. In some cmbodiments, the bridging therapy is selected from an

immunomodulator, R-CHOP, bendamustine, alkylating agents, and/or platinura-based agents.

{0198] In some emboduvenis, the disclosuwre provides that all MCL patients who
responded to CAR T cell infusion achieved T cell expansion, whereas no expansion was observed
in non-responding patients. In some embodiments, response is objective response {(complete
response + partial response). The disclosure provides that CAR T celf levels correlated with ORR
in the first 28 days, where the area under the curve on days 0 to 28 (AUCo2g) and peak levels were
>200-fold higher in responders versus non-responders, suggesting that higher expansion led to
better and perhaps deeper response as also indicated by the >80-fold higher peak/ AUC CAR T
celt levels in minimal residual disease (MRD, 107 sensitivity) negative compared with MRD
positive patients (at week 4). Accordingly, the disclosure provides a method of predicting patient
response and MRDY to CAR T cell reatmment of MCL comprising measuring peak/AUC CAR T
cell levels and comparing them to a reference standard. In some embodiments, peak CAR T cell

expansion is observed hetween Davs § and 15 after CAR T cell adovunistration. In some

- 65 -



WO 2024/092152 PCT/US2023/077950

embodiments, CAR T cells levels are measured by gPCR. In some embodiments, the peak CAR
T cell levels, AUCoas, and/or MRE are monitored by next-generation sequencing. In some
examples, the CAR T cell numbers are measured in cells/microliter of blood. In some examples,
the CAR T cell nurnbers are measured by the nurober of CAR gene copies/ug of bost DNA. In
some examples, the CAR T cell munbers are measured as described in Kochenderfer J.N ot
al. J. Ofin, Oncol. 2015:33:540-549. {n one embodiment, CAR T cell levels are measured as

described in Locke FL et al. Mol Ther. 2017;25(1):285-295.

[0199] In some embodiments, the disclosure provides that CAR T cell expansion was
greater in MCL patients with grade > 3 than in those with grade < 3 CRS and NE events.
Accordingly, the disclosure provides a method of predicting grade = 3 CRS and NE events
comprising rocasuring CAR T cell expansion after CAR T cell treatment and corgparing the levels
to a reference value, wherein the higher the CAR T cell expansion, the higher the chance {or grade

> 3 CRS and NE events.

{0206] In some embodiments, the cytokine levels are measured by and are protein or
mRNA levels {(which ones). In some embodiments, the cytokine levels are measured as described

in Locke FL et al. Mol Ther. 2017;25(1):285-293,

{0201] In some erabodiments, the disclosure provides that serum GM-CUSF and 1.6 peak
levels (reached about 8 days post CAR T cell administration) were positively associated with
grade > 3 CRS and grade > 3 NE in MCL patients. Accordingly, the disclosure provides a method
of predicting grade > 3 CRS and grade > 3 NE comprising measuring the peak levels of GM-CSF
and IL.-6 post- CAR T cell administration and comparing thero to a reference level, wherein the

higher the peak level of these cytokines, the higher the chance for grade > 3 CRS and NE.

{06202] In some erohodiments, the disclosure provides that serumn fervitin was positively
associated with grade > 3 CRS in MCL patients. Accordingly, the disclosure provides a method
of predicting grade > 3 CRS comprising measuring the peak levels of serum ferritin post- CAR T
cell administration and comparing them to a reference level, wherein the higher the peak level of

ferritin, the higher the chance for grade > 3 CRS.

{6283] fn some embodiments, the disclosure provides that serum IL-2 and IFN-gamma
were positively associated with grade > 3 NE in MCL patients. Accordingly, the disclosure
provides a method of predicting grade 2 3 CRS comprising measuring the peak levels of serum

[L-2 and TFN-gamma post- CAR T cell administration and comparing them to a reference level,
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wherein the higher the peak level of IL-2 and IFN-gamma, the higher the chance for grade > 3

NE.

{0204] In some embodiments, the disclosare provides that cerebrospinal fluid levels of C-
reactive protein, ferritin, -6, 1L-8, and vascular cell adbesion molecule (VCAM) were positively
associated with grade > 3 NE in MCL patients. Accordingly, the disclosure provides a method of
predicting grade > 3 CRS comprising measuring the cerebrospinal flvid levels of Coreactve
protein, ferritin, IL-6, IL-8, and/or vascular cell adhesion molecule (VCAM) post- CAR T cell
administration and comparing them to a reference level, wherein the higher the cerebrospinal fluid
levels of C-reactive protein, ferritin, IL-6, IL-8, and/or vascular cell adhesion molecule (VCAM),

the higher the chance for grade > 3 NE.

{0205] In some embodiments, the disclosure provides that peak seram levels of cytokines
associated positively with Grade > 3 CRS inchuded IL-15, IL-2 Rg, IL-6, TNFg, GM-CSF, ferritin,

TL-10, TL-8, MiIP-1a, MIP-1b, granzyme A, granryme B, and perforin. In some embodirents, the
disclosure provides that peak serum levels of cytokines associated with Grade > 3 NE included
{L-2, IL-1 Ra, IL-6, TNFa, GM-CSF, IL-12p40, IFN~y, IL-10, MCP-4, MIP-1b, and granzyme B.
I some ernbodiments, the disclosure provides that eytokines associated with both Grade > 3 CRS
and NE incladed [L-6, TNFa, GM-CSF, 1L-10, MIP-1b, and granzymoe B. In some embodiments,
cytokine serum levels peak within 7 days of CAR T cell administration. Accordingly, the
disclosure provides a method of predicting grade = 3 CRS post-CAR T cell administration
coraprising measuring peak serum levels of 1IL-15, HL.-2 Ry, 1L-6, TNFo, GM-CSF, ferritin, IL-
16, IL-8, MIP-1a, MIP-1b, granzyme A, granzyme B, and/or perforin after anti-CD18 CAR T
freatinent and coroparing the levels to a reference standard. Accordingly, the disclosure also
provides a method of predicting grade > 3 CRS and grade > 3 NE in MCL comprising roeasuring
peak serum levels of IL-6, TNFa, GM-CSF, IL-10, MIP-1b, and granzyme B after ant-CD19

CAR T treatment and comparing the levels to a reference standard.

{(3206] In some embodiments, the disclosure provides that there was a trend for increased
proliferative (IL.-15, 1.-2) and inflammatory (1L-6, {L-2Rq, sPD-L1 and VCAM-1) peak cytokine
fevels in patients with MCL with muotated TP53 vs wild-type TP33. Accordingly, in some
embodiments, the disclosure provides a method of improving response to CAR T cell treatment
in MCL comprising manipulating the levels of proliferative and/or inflamamatory cytokines after

CAR T cell administration.
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{0207] In some embodiments, the disclosure provides that for patients that were MRD
negative at one month post CAR T cell administration, there was an increase in peak levels of
[EN-gamoma and .-, and a trend fowards increased FL-2, relative to patients that were MRD
positive at one month. Accordingly. the disclosure provides a method of predicting whether a
patient is MRD negative in MCL comprising measuring peak serum levels of IFN-gamma, 1L-6,

and/or IL-2 after anti-CD19 CAR T treatment and comparing the level to a reference standard.

{6268] In some embodiments, the disclosure is directed to a T cclis product whereby
the T cells are expanded from a T cell population depleted of circulating lymphoma cells and
enriched for CD4+/CDE+ T cells by positive selection of mononuclear cells from a
{eukapheresis sample that is activated with anti-CD3 and anti-CD28 antibodies in the presence
of H.-2, and then transduced with a replication-incompetent viral vector containing an anti-
CD19 CAR construct. In some embodiments, such T cell product may be used to treat ALL,
CLL., AML. In some embodiments, the CAR consguct is FMC63-282 CAR. In some
embodiments, the cells are autologous. In some embodiments, the cells are heterologous. In
some embodiments, the dose of CAR-positive T cells is 2 X 10° anti-CD19 CAR T ceils kg In
some embodiments, the dose of CAR-positive T cells is 1 x 10% anti-CD 19 CAR T cells /kg. In
some embodiments, the dose of CAR-positive T cells is 1.6 x 10° anti-CD19 CAR T cells fkg.
1.8 x 10° anti-CD19 CAR T cells /kg, or 1.9 x 10° anti-CD19 CAR T cells /kg. In some
embodiments, the CD19 CAR construct contains a CD3( T cell activation domain and CD28
signaling domain. In sone embodiments, the T cell product is KTE-X19.In some embodiments,
the disclosure provides that the anti-CAR T cell product prepared as described in the preceding
paragraph may be used in B cell ALL and B cell NHL. In some embodiments, the product
characteristics may be selected from percentage of T cells of specific subsets (naive, central
memory, effector, and effector memory), percentage of CB4d+ cells, percentage of CDE+ cells
and CD4/CPR ratio. In some cmbodiments, the product characteristic is the level of
IFNYy production in co-colture (pg/mb) with target CD19-expressing cancer cells (e.g., Toledo)
cells mixed in a 1:1 ratio with the anti-CD19 CAR T product cells. In one embodiment, IFNy
may be measured in cell culture media 24 h post-incubation using a qualified ELISA. In some
embodiments, one or more of these product characteristics is superior to those of anti-CAR T
cells prepared from leukapberesis without CD4+/CDE+ positive cell enrichment. In some
cmbodiments, the superior product characteristic may be selected from increased percentage of
cells with nailve phenotype (CD4SRA+CCRT4), decreased percentage of cells with

differentiated phenotype (CCR7-), decreased level of IFNy-producing cells, and increased level
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of CDB+ cells. In some embodiments, the ant-CD19 T cell product comprises Tew, central
memory T cells (CD45RA-CCRT7+); Terr, effector T cells (CD45RA+CCRT-); Tiw, cffector
memary T cells (CD4SRA-CCRT-); and/or T, naive-like T celis (CD4SRA+CCRT+). Insome
erbodiments, the product comprises Ty naive-like T cells rgeans T cells that are
CPD4SRA+HCCRT+ and comprises stem-like memory cells. In some embodiments, the T cell
product is KTE-X19. In some embodiments, KTE-X19 has > 190 pg/ml. IFN-y production. In
certain embodiment, KTE-X19 has > 90 % of CD3+ cells. In some other embodiments, the
percentage of NK cells i KTE-X19 is 0.1% (range 0.0% - 2.8%). In some additional
embodiments, the percentage of CD3” cellular impurities in KTE-X19 is 0.5% {range 0.3% -~

3.9%).

{0249] in some embodiments, the cancer is relapsed/refractory B cell ALL. In some
crobodiments, the patient 15 < 21 years old. In some embodiments, the patient is < 21 years old,
weighs > 10 kg, and has B cell ALL that is primary refractory, relapsed within 18 months of first
diagnosis, R/R after > 2 Hnes of systemic therapy, or R/R after allogeneic stem cell ransplantation
at feast 100 days prior to encollment. In one erabodiment, the cancer is indolent lymphoma or
leukenua. In one cbodiment, the cancer is an aggressive B-cell lyraphorma, which include many
types, subtypes and variants of diffuse large B-cell lymphoma (BLBCL), Burkitt lymphoma (BL),
mantle cell lyraphoma and its blastoid variant, and B lynphoblastic lymphoma. DLBCL may be
DLBCL NOS, T-celi/histiocyte-rich large B-cell lymphoma, Primary DLBCL of the CNS,
Primary cutaneous DLBCL, leg type, EBV-positive DLBCL of the elderly. Other lymphomas of
farge B cells include Primary mediastinal (thymicy LBCL, DLBCL associated with chronic
inflammation, Lyrophomatoid granulomatosis, ALK-positive LBCL, Plasroablastic {ymphoma,
Large B-cell lymphoma arising in HHV 8-associated multicentric Castleman disease, and Priroary
ctfusion lymphoma. Other types of lymphomas include B-cell lymphoma, unclassifiable, with
features intermediate between DLBCL, and Burkitt's lyrophoma and B-cell lymphora,
unclassifiable, with features ntermediate between DLBCL and classical Hodgkin lyrophora,
Splenic marginal zone B-cell tymphoma, Extranodal marginal zone B-cell lymphoma of MALT,
Nodal marginal zone B-cell lymphoma, Hairy cell leukemia, Lymphoplasmacytic lymphoma
{(Waldenstrom reacroglobulineraia), Richter transformation, and Prumary effusion lympboma. The

cancer may be at any stage, {rom stage 1 through stage 4.

{0216] In some emnbodiments, the conditioning chernotherapy/lymphodepleting regimen

7

is administered after =7 days or 5 half-lives (if shorter) washout from bridging chemotherapy. In

some embodiments, the conditioning chemotherapy/tymphodepleting regimen counsists of
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fludarabine intravenous (IV) 25 mg/m®/day on days -4, -3, and -2, and eyclophospharnide TV 800
mg/m*day on day -2. On day 0, a single infusion of anti-CI319 CAR T cells may be administered.
In some embodiments, additional infusions of anti-CD19 CAR T cells may be adnunistered at a
later time. In some embodiments, patients achieving complete response to the first infusion may
receive a second infusion of anti-CIM9 CAR T cells, if progressing following >3 months of
renussion, provided D19 expression bas been retained and neutralizing antibodies against the

CAR are not suspected.

[0211] In some emnbodiments, droplet digital polymerase chain reaction may be used to
measure the presence, expansion, and persistence of wansduced anti-CD19 CAR+ T cells in the
blood. In some embodiments, the procedure is as described in Locke F.L. et al. Mol Ther.
2017:25(13:285-295. Tn some embodiments, the disclosure provides that CAR T cells may be
undetectable at relapse. Median peak CAR T-cell levels may be highest with 1 x 10° CAR T
cells/kg and may be similar between patients who received original vs. revised AE management.
In some embodiments, patients achieving CR/CRA had greater raedian peak expansion than non-
responders, as did patients with undetectable vs. detectable MRD. Higher median peak expansion
was also observed in patients with grade >3 NE vs. those with grade <2 NE. Some patients who
relapse may have detectable CD19-positive cells at relapse or may have ne detectable CD19-
postive celis. In some embodiments, undetectable MRD, defined as <1 leukemia cell per 10,000
viable cells, may be assessed using flow cytometry (NeoGenomics, Fort Myers, FL) as per the
methods described in Borowitz MI, Wood BL, Devidas M, et al. Blood. 2015;126(8):964-971;
Bruggemann M. et al. Blood Adv. 2017;1(25):2456-2466; or Gupta S. et al. Leukemia.
2018;32(6):1370-1379.

{0212} In some embodiments, the disclosure provides that peak H.-15 serum levels are
lower in patients with grade 23 CRS. In some embodiments, the disclosure provides that median
peak levels of several pro-inflaramatory markers trended higher in patients with grade =3 CRS
and those with grade >3 NE (IFNy, IL-8, GM-CSF, IL-1RA, CXCL10, MCP-1, Granzyme B.
Accordingly, in some embodiments, the disclosure provides a method for predicting whether 3
patient is going to have grade >3 CRS by measuring the peak levels of serum {L-15 and comparing
to a reference standard. In some embodiments, the disclosure provides a method for predicting
whether a patient is going to have grade 23 CRS and/or grade 23 NE by measuring the peak levels
of IFNvy, IL-8, GM-CSF, TL-1RA, CXCLI0, MCP-1, and/or Granzyme B and comparing to a

reference standard. In soroe embodiments, the disclosure provides a method for improving anti-
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CD19 CAR T cell therapy by administering agents that decrease the levels of one or more of these

biomarkers.

{0213] The reference levels/standards may be established by any method known by one
of ordinary skill in the art. They serve to identify thresholds or groups of values {¢.g., quartiles)
from which a comparison may be made to determine in which group, or above or below which
threshold does the measured value {cytokine level, CAR T cell number, etc.) for each subject fall.
These groups are established from comparisons of different populations chosen as is typical in the
art. Depending on where the measured value falls, one can predict a mumber of treatment

characteristics such as objective response, CRS grade, NE grade, and the like.

{62141 In certain embodiments, the cancer may be selected from a tumor derived from
acute lymphoblastic leukemia {ALL), acute myeloid leukeniia {(AML), adenoid cystic carcinoma,
adrenocortical, carcinoma, AIDS-related cancers, anal cancer, appendix cancer, astrocytfomas,
atypical teratoid/rhabdoid tumor, central nervous systern, B-cell leukemia, lympboma or other B
cell malignancies, basal cell carcinoma, bile duct cancer. bladder cancer, bone cancer,
asteosarcoma and malignant fibrous histiocytoma, brain stem glioma, brain tumeors, breast cancer,
hronchial tumors, burkigt lymphora, carcinoid tumors, central nervous system cancers, cervical
cancer, chordoma, chronic lymphocytic leukemia (CLL), chronic rayelogenous leukemia (CML),
chronic myeloproliferative disorders, colon cancer, colorectal cancer, cramopharyngioma,
cutaneous f-cell lymphoma, embrvonal tumors, central nervous system, endoroeirial cancer,
ependymoblastoma, ependymorma, esophageal cancer, esthesioneuroblastoma, ewing sarcoma
family of tumors extracranial germ cell tumor, extragonadal germ cell tumor extrahepatic bile dact
cancer, eye cancer fibrous histiocytoma of bone, malignant, and ostcosarcora, gallbladder cancer,
gastric (stornach) cancer, gastrointestinal carcinoid tumor, gastrointestinal stromal tumors (GIST),
soft tissue sarcoma, germ cell tumor, gestational trophoblastic tamor, ghioma, hairy cell leukemia,
head and neck cancer, heart cancer, hepatocellular (liver) cancer, histiocytosis, hodgkin
lyrophora, bypopharyngeal cancer, infraccular melanoma, islet cell tumors (endocrine pancreas),
kaposi sarcoma, kidney cancer, langerhans cell histiocytosis, laryngeal cancer, leukemia, lip and
oral cavity cancer, liver cancer (primary), lobular carcinoma in sitm (LCIS), lung cancer,
Iymphoma, macroglobulinemia, male breast cancer, malignant fibrous histiocytoma of bone and
osteosarcoma, medulloblastoma, medulloepitheliorna, melanoma, merkel cell carcinoma,
mesothelioma, metastatic squamous neck cancer with ocenlt primary midline tract carcinoma
involving NUT gene, mouth cancer, multiple endocrine neoplasia syndromes, multiple

mycloma/plasma cell  ncoplasm, mycosis  fungoides, wmyelodysplastic  syndromes,
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myelodysplastic/myeloproliferative neoplasms., myelogenous leukemia, chronic (CML), Myeloid
levkemia, acute (AML), myeloma, mmltiple, myeloproliferative disorders, nasal cavity and
paranasal sinus cancer, vasopbaryngeal cancer, neurcoblastorna, non-hodgkin lyrophoma, nou-
small cell lang cancer, oval cancer, oral cavity cancer, oropharyngeal cancer, osteosarcoma and
malignant fibrous histiocytoma of bone, ovarian cancer, pancreatic cancer, papillomatosis,
paraganglioma, paranasal sinus and nasal cavity cancer, parathyroid cancer, penile cancer,
pharyngeal cancer, pheochromocytoma, pineal parenchymal tumors of  intermediate
differentiation, pineoblastoma and supratentorial primitive newrcectodermal tomors, pituitary
tumor, plasma cell neoplasm/multple myeloma, pleuropulmonary blastoma, pregnancy and breast
cancer, primary central nervous system (CNS) Iymphowma, prostate cancer, rectal cancer, renal cell
(kidney) cancer, renal pelvis and wreter, transitional cell cancer, retinoblastoma,
rhabdomyosarcoma, salivary gland cancer, sarcoma, sézary syndrome, small cell fung cancer,
small infestine cancer, soft fissue sarcoma, squamous cell carcinoma, squamous neck cancer,
stomach {gastric) cancer, supratentorial priroitive neuroectodermal tmors, t-cell lymphoma,
cutaneous, testicglar cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer,
transitional cell cancer of the renal pelvis and urcter, trophoblastic turgor, ureter and renal pelvis
cancer, urethral cancer, uterine cancer, uterine sarcoma, vaginal cancer, vulvar cancer,
Waldenstrém macroglobulinemia, Wilms Tumor. In certain embodiments, the cancer is treated

with KTE-X19.

{0215]) In one embodiment, the method may be used o treat a tumor, wherein the tumor
is a lymphoma or a levkemia. Lymphorma and leukemia are cancers of the blood that specifically
affect lymphoeytes. All leukocytes in the blood originate from a single type of multipotent
hematopoietic stem cell found in the bone marrow. This stermn cell produces both myeloid
progenitor cells and lyraphoid progenitor cell, which then give rise to the various types of
fenkocytes found in the body. Leukocytes arising from the myeloid progenitor cells include T
Iymphocytes (T cells), B lymphocytes (B cells}, natural killer cells, and plasma cells. Leukocytes
arising from the lymphoid progenitor cells inciude megakaryocytes, mast cclis, basophils,
neutrophils, cosinophils, monocytes, and macrophages. Lymphomas and leukemias may affect
one or more of these cell types in a patient. In certain embodiments, the timor is treated with

KTE-X19.

{6216] In general, lymphomas may be divided into at least two sub-groups: Hodgkin
lymphoma and non-Hodgkin lymphoma. Non-Hodgkin Lymphoma (NHL) is a heterogeneous

group of cancers originating in B lymphocytes, T lymphocytes or natural killer cells. In the United
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States, B cell lymphomas represent 80-85% of cases reported. In 2013 approximately 68,740 new

cases of NHL and over 19,000 deaths related to the disease were estimated to occur. Non-Hodgkin

lyrmophoroa is the roost prevalent hematological malignancy and is the seventh leading site of new
o yars

cancers among men and wormen and account for 4% of all new cancer cases and 3% of deaths

related to cancer. In certain embodiments, the lymphoma s treated with KTE-X19.

{62171 Diffuse large B cell lymphoma (DLBCL) is the most common subtype of NHL,
accounting for approximately 30% of NHL cases. There are approximately 22,000 new diagnoses
of DLBCL in the United States each year. It is classified as an aggressive lymphboma with the
majority of patients cured with conventional chemotherapy (NCCN guidelines NHL 2014). First
line therapy for DLBCL typically includes an anthracycline-containing regimen with rituximab,
such as R-CHOP (rituxiroab, cyclophospharide, doxorubicin, vineristine, and prednisone), which
has an objective response rate of about 80% and a complete response rate of about 50%, with
about one-third of patients have refractory disease to initial therapy or relapse after R-CHOP. For
those patients who relapse after response o first line therapy, approximately 40-60% of patients
may achieve a second response with additional chemotherapy. The standard of care for second-
line therapy for autologous stem cell transplant (ASCT) eligible patients includes rituximab and
combination chemotherapy such as R-ICE (rituximab, ifosfamide, carboplatin, and etoposide) and
R-DHAP (rituximab, dexamethasone, cytarabine, and cisplatin}, which each have an objective
response rate of about 63% and a complete response rate of about 26%. Patients who respond to
second line therapy and who are considered fit enough for transplant receive consolidation with
high-dose chemotherapy and ASCT, which is curative in about half of transplanted patients
Patients who failed ASCT have a very poor prognosis and no corative options. Primary
mediastinal large B cell lymphoma (PMBCL) has distinet clinical, pathological, and molecular
characteristics compared to DLBCL. PMBCL is thought to arise from thymic {meduliary) B cells
and represents approximately 3% of patients diagnosed with DLBCL. PMBCL s typically
identified in the younger adult population in the fourth decade of life with a slight female
predominance. Gene expression profiling suggests deregulated pathways in PMBCL overlap with
Hodgkin lyrophoma. Initial therapy of PMBCL generally includes anthracvcline-containing
regimens with rituximab, such as infusional dose-adjusted etoposide, doxorabicin, and
cyclophosphamide with vincristine, preduisone, and rituximab (DA-EPOCH-R), with or without
involved field radiotherapy. Follicular lymphoma (FL), a B cell lympboma, s the most common
Some patients with FL will wransform (TFL) histologically to DEBCL which is more aggressive

and associated with a poor outcome. Histological transformation to DLBCL occurs at an annual
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rate of approximately 3% for 15 years with the risk of transformation contnuing to drop in
subsequent years. The biologic mechanism of histologic transformation (s unknown. Initial
treatment of TEL is influenced by prior therapies for follicular lyrophoroa but generally includes
anthracycline-containing regiroens with ritiximab to eliminate the aggressive corgponent of the
discase. Treatment options for relapsed/refractory PMBCL and TFL are similar to those in
DLBCL. Given the tow prevalence of these diseases, no large prospective randomized studies in
these patient populations bave been conducted. Patients with chernotherapy refractory disease
have a similar or worse prognosis to those with refractory DLBCL. As an example, subjects who
have refractory, aggressive NHL {e.g., BLBCL, PMBCL and TFL} have a major unmet medical
need and further research with novel treatments are warranted in these populations. In certain

embodiments, the DLBCL is wreated with KTE-X19.

{62181 The CAR T cell treatment of the disclosure roay be administered as a first line of
freatment or a second or later line of treatment. In some embodiments, the CAR T cell weatment
is administered as a third line, fourth line, fifth line and so on and so forth. The lines of prior
therapy may be any prior anti-cancer therapy, including, but not limited to Bruton Tyrosine Kinase
inhibitor (BTK1), check-point inhibitors {e.g., anti-PD1 antibodies, pembrolizomab (Keytruda),
Cemiplimab (Libtayo), nivolurmab (Opdivo); anti-PD-L1 antibodies, Atezolizumab {Tecentriq),
Aveluroab (Bavencio), Durvalumab (Infinzi); anti-CTLA-4 antibodies, Iptlimumab (Yervoy)),
anti-CD19 antibodies {e.g. blinaturnomab), anti-CDS2 antibodies {e.g., alentuzwmab); allogeneic
stern cell transplantation, anti-CD20 antibodies {e.g., rituximab), systemic chemotherapy,
rituxiraab, anthracycline, ofatumumab, and combination thereof. The prior therapies may also be
used in combination with the CD19 CAR T therapies of the application. In one aspect, the eligible
patients may have refractory disease to the most recent therapy or relapse within 1 year after
autelogous hematopoietic stem cell transplantation (HSCT/ASCT). The CAR T cell treatment
may be administered to patients that have or suspect to have cancers that are refractory and/or that
relapsed to one or more lines of previous therapy. The cancer may be refractory to first-line
therapy (i.c., primary refractory) or refractory to one or more lines of therapy. The cancer may
have relapsed at twelve months after first reraission, relapsed or refractory after two or more lines
of prior therapy, or relapsed after HSCT/ASCT. In some embodiments, the cancer is refractory to
ibrutinib or acalabrutinib. In some embodiments, the cancer is NHL, and the disease must have
heen primary refractory, R/R after two or more lines of systemic therapy, or R/R after autologous
or allogeneic stem cell transplantation > 100 days prior to envollment in CAR T cell therapy and
off immunosuppressive medications for > 4 weeks. In certain embodiments, the CAR T cell

therapy is KTE-X19.
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{0218] Accordingly, the method may be used to treat a lymphoma or a leukemia, wherein
the lymphoma or leukemia is a B cell malignancy. Examples of B cell malignancies include, but
are not limited to, Noo-Hodgkin’s Lyrmophoroas (NHL), Small lymphocytic lymphoma
(SLLACLL), Mantle cell lymphoma (MCL), FL, Marginal zone lymphoma (MZL), Extranodal
(MALT lymphoma), Nodal (Monocytoid B-cell lymphoma), Splenic, Diffuse large cell
lymphoma, B cell chronic lymphocviic lecukemia/lymphoma, Burkitt's lymphoma, and
Lymphoblastic lymphoma. In some aspects, the lymphoma or leakemia is selected from B-cell
chronic lymphocytic leukemiafsmall cell lymphoma, B-cell prolymphocytic leukemia,
lymphoplasmacytic lymphoma {e.g., Waldenstrdm macroglobulinemia), splenic marginal zone
lymphoma, hatry cell leakemia, plasma cell neoplasms {(e.g., plasma cell myelora (i.e., multiple
myeloma), or plasmacytoma), extranodal marginal zone B cell lymphoma (e.g., MALT
Iymphoma}, nodal marginal zone B ccll lymphoma, follicular lymphoma (FL), transformed
follicular lyraphoma (TFL), primary cutaneous follicle center lymphoma, mantle ccll ymphoma,
diffuse large B cell lymphoma (DLBCL), Epstein—Bar virus-positive DLBCL., lyrophomatoid
granulomatosis, primary mediastinal (thymic) large B-cell lymphoma (PMBCL), Intravascular
large B-cell lymphoma, ALK+ large B-cell lyvmophoma, plasmablastic lymphoma, primary
effusion lymphoma, large B-cell lymphoma arising in HHV§-assoctated roulticentric Castleman's
disease, Burkitt lymphoma/leukemia, T-cell prolymphocytic leokemia, T-cell large granular
lymphocyte leukemia, aggressive NK cell leukemia, adult T-cell leukemia/lymphoma, extranodal
NK/T-cell lyraphoma, enteropathy-associated T-cell lymphoma, Hepatosplenic T-cell lymphoma,
blastic NK cell lymphoma, Mycosis fungoides / Sezary syndrome, Primary cutaneous anaplastic
large cell lymphoma, Lymphomatoid papulosis, Peripberal T-cell lymphoma,
Angioinuounoblastic T cell lympboma, Anaplastic farge cell lymphoma, B-lympboblastic
leukernia/lymphoma, B-lymphoblastic leukemia/lyraphoma with recurrent genetic abnormalities,
T-lymphoblastic leukemia/lymphoma. and Hodgkin lymphoma. In some aspect, the cancer is
refractory to one or more prior treatments, and/or the cancer has relapsed after one or more prior

treatments. In certain embodiments, the leukenua or lyrmophora is treated with KTE-X19.

{62201 In one embodinent, the cancer is selected from follicular lymphora, transformed
follicular lymphoma, diffuse large B cell lymphoma, and primary mediastinal (thymic) large B-
cell lymphoma. In another embodiment, the cancer is diffuse large B cell lyrophoma. In some
embodiment, the cancer is refractory to or the cancer bas relapsed following one or roore of
chemotherapy, radiotherapy, imrounotherapy (inchuding a T cell therapy and/or treatruent with an

antibody or antibody-drug conjugate), an autologous stem cell transplant, or any combination
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thereof. In one embodiment, the cancer is refractory diffuse large B cell lymphoma. In certain

embodiments, the cancer is treated with KTE-X19.

{62211 In some embodiments, the CAR T cell treatment 1s KTE-X19 and the cancer is
selected from MCL, ALL, CLL, and SLL. In some embodiments, the CAR T cell treatment is
KTE-X19 and the cancer is NHL. In some embodiments, the cancer is selected from diffuse large
B ecell lymphoma not otherwise specified (DLBCL NOS), primary mediastinal large B cell
lymphoma, Burkitt lymphoma (BL)}, Burkitt-like lymphoma or unclassified B cell lymphomas
intermediate between DLBCL and BL. In some embodirsents, the cancer is relapsedfrefractory.
In some embodiments, the KTE-X19 reatment is administered as first line, second line, or after 1
or more prior lines of therapy. In some embodiments, the patient is a pediatric patient, an
adolescent patient, an adult patient, less than 65 years old, roore than 65 years old, or any other

age group.

{06222] In some embodiroent, compositions coraprising ramune cells disclosed herein may
be administered in conjunction with any number of additional therapeutic agents. In one
embodiment, the additional therapeutic agent is administered concurrently with the T cell therapy.
In one embodiment, the additional therapeutic agent is administered prior fo, during, and/or after
T cell therapy. In one embodient, the one or more additional therapeutic agents is administered
prophylactically. In one aspect, the compositions comprising the immune cells are administered
in conjunction with agents for manageroent of adverse events (many of which are described
elsewhere in this application, including the Examples section). These agents may manage one or
more of the signs and symptoms of adverse reactions, such as fever, hypotension, tachycardia,
hypoxia, and chills, include cardiac arrhythroias (including atrial fibrillation and ventricular
tachycardiay, cardiac arrest, cardiac fathure, renal insufficiency, capillary leak syndrome,
hypotension, hypoxia, organ toxicity, hemophagocytic lymphohistiocytosis/macrophage
activation syadrome (HLH/MAS), seizure, encephalopathy, headache, tremor, dizziness, aphasia,
delrivm, msomnia anxicty, anaphylaxis, febrile neutropenia, thrombocytopenia, neutropenia, and

anenya,

{32231 Examples of such agents include, without limitation, tocilizamab, steroids {e.g.,
methylprednisolone), rabbit anti-thymocyte globulin. In some aspect, Vancomycin and aztreonam
{cach 1 gm IV twice daily) may be administered for non-neutropenic fever, In some aspects, the
method further comprises adrinistering a non-sedating, anfi-seizure medicine for seizure

prophylagis; administering at least one of erythropoietin, darbepoetin alfa, platelet transfusion,
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filgrastim, or pegfilgrastim; and/or administering tocilizumab, siltuximab. In one aspect, the agent
is a CSF family member such as GM-CSF (Granulocyte-macrophage colony-stinmulating factor,
also known as CSF2). GM-CSF may be produced by a number of haemopoietic and
nonhaemopoietic cell types upon stiroulation, and it may activate/‘prime’ myeloid popualations to
produce inflanumatory mediators, such as TNF and interleukin Ip (JL1§). In some embodiments,
the GM-CSF inhibitor is an antibody that binds to and neutralizes circulating GM-CSF. In some
embodiments, the antibody is selected from  Lenzilumab; mnamilumab  (AMG203);
GSK3106165/MOR 103/ Gtilimab (GSK/MorphoSys), KBO02 and KBGO3 (KaloBios), MT203
{Micromet and Nycomed)}, and MORADbB-022/gimsilumab (Morphotek}. In some embodiments,
the antibody is a biosimilar of the same. In some embodiments, the antagonist is E21R, a modified
form of GM-CSF that antagonizes the function of GM-CSF. In some embodiments, the
inhibitor/antagonist 15 a small molecule. In one embodiment, the CSF family member is M-CSF
{also known as macrophage colony-stimutlating factor or CSF1). Non-lirsiting examples of agents
that inhibit or antagonize CSF1 include small molecules, antibodies, chimeric antigen receptors,
fusion proteins, and other agents. In one embodiment, the CSF1 inhibitor or antagonist is an anti-
CS¥1 antibody. In one emobodiment, the anti-CSF1 antibody is selected from those made by Roche
{e.g.. RGT155), Phizer (FD-0360324), Novartis (MCS H{lacnonizumab), or a biosimilar version
of any one of the same. In some embodiments, the inhibitor or antagonist inactivates the activity
of either the GM-CSF-R-alpha (aka CSF2R) or CSFIR receptors. In some embodiments, the
inhibitor is selected from Mavridimumab (formerly CAM-3001), a fully human GM-CSF
Receptor o monoclonal antibody carrently being developed by Medimyune, Tnc.; cabiralizurab
{Five Prime Therapeutics); LY3022855 (JMC-CS4xEL Lilly), Emactuzumab, also known as
RG7155 or ROS509554; FPAGOE, a humanized mAb (Five Prime/BMS); AMGSE20 (Amgen);
ARRY-382 (Array  Biopbarma);  MCS1I0  (Novartsy;,  PLX3397  (Plexxikon);
ELBO41/AFSO3/TG3003  (ElsaLys Bio, Transgene), SNDX-6352 (Syndax). In some
embodiments, the inhibitor or antagonist is expressed in CAR-T cclis, In some embodiments, the
inhibitor is a small molecule (e.g. heteroaryl amides, quinolinone series, pyrido-pyrimide series);
BLZ945 (Novartis), PLX7486, ARRY-382, Pexidriinib (also known as PLX3387) or 5-((5-
chloro-1H-pyrrolof2,3-blpyridin-3-yhrethyl)-N-06-(triffuoromethyDpyridin-3-

vimethyhpyridin-2-amine; GW 2580 (CAS 870483-87-7), KI20227 (CAS 623142-96-1), ACTOR
by Ambit Siosciences, or any CSFIR inbibitor listed in Cannanle et all Jownal for
ImmunoTherapy of Cancer 2017, 5:53 and US20180371093, incorporated herein by reference for
the inhibitors they disclose. Additional neutralizing antibodies to GM-CSF or its receptor have

been described in the art, inchuding in, for example, “"GM-CSF as a target in
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inflammatory/astoimmune disease: current evidence and future therapeutic potential” Hamilton,
J. A, Expert Rev. Clin. Immunol., 2015; and “Targeting GM-CSF in inflarnmatory diseases™
Wicks, 1. P., Roberts, A, W, Nat. Rev. Rhenpatol., 2016, In other embodimnents, the agent is an

anti-IL6 or anti-IL-6receptor blocking agent, including tocilizumab and siltuximab.

{02247 In one aspect, the therapeutic agent is 4 chemotherapeutic agent. Exarples of
chemotherapeutic agents include alkylating agents such as thiotepa and cyclophosphamide
{CYTOXANTM); alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such
as benzodopa, carboqguone, meturedopa, and uredopa; ethylenimines and methylamelamines
including altretamine, triethylenerelamine, trictylenephosphoramide,
triethylenethiophosphaoramide and trimethylolomelamine resume; nitrogen mustards such as
chlorambucil, chlormaphazine, cholophosphamide, estranuwsting, ifosfamide, mechioretharnine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
rofosfamide, wracil mustard; nitrosureas such as carmustine, chiorozotocin, fotemustine,
lomustine, ninwistine, raniroustine; anfibiotics such as aclacinomysins, actinomycin, authramyein,
azaserine, bleomycins, cactinomycin, calicheamicin, carabicin, carminoroycin, carzinophilin,
chromomycins, dactinomyein, daunorgbicin, detorubicin,  6-diazo-5-oxo-L-notleucine,
doxorubicin, epirubicin, esorubicin, idarubicin, marceliomycin, mitomycins, mycophenolic acid,
nogalamycin, olivornyeins, peplomycin, potfiromycin, puromycin, quelamyein, rodorubicin,
streptonigrin, streptozocin, tabercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as
methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as denopterin, methotrexate,
pteropterin, trimetrexate; purine analogs such as fludarabine, &-mercaptopurine, thiamiprine,
thiogoanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyunidine, doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as
calusterone, dromostanolong propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals
such as aminoglutethimide, mitotane, tridostane; folic acid replenisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil; bisantrene;
cdatraxate; defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; etoglucid;
gallium nitrate; hydroxyurca; lentinan; lonidamine; mifoguazone; mitoxantrone; mopidamol;
pitracrine; pentostatin;  phenarget;  pirarabicin;  podophyllinic  acid;  2-ethylhydraride;
procarbazine; PSK®; razoxane; sizofiran; spirogermanium, {enuazonic acid; triaziquone; 2, 2°.2"-
trichlorotricthylamine; urethan; vindesine; dacarbazine; mannomusting; mitobrouniiol; miutolactol;
pipobromarn; gacytosine; arabinoside (“Ara-C"); cyclophospharnide; thiotepa; taxoids, e.g.
paclitaxel (TAXOLTM. Bristol-Myers Squibb} and doxetaxel (TAXOTERE®, Rhone-Poulenc

Rorery; chiorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum
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analogs such as cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide;
mitomycin C; mitoxanirone; vinecristine; vinorelbine; navelbine; novantrone; teniposide;
daunomycin; aminopterin, xcloda; ibandronate; CPT-11; topoisomerase inhibitor RFS2000;
difluororsethylomithine (DMEFO); retinoic acid derivatives such as TargretinTM (bexarotene),
PanretinT™, {(alitretinoiny; ONTAKTM {(dentlevkin diftitox); esperamicins; capecitabine; and
pharmaceutically acceptable salts, acids or derivatives of any of the above. o some aspects,
compositions coraprising CAR- and/or TCR-expressing immune effector cells disclosed herein
may be administered in conjunction with an anti-hormonal agent that acts to regulate or inhibit
hormone action on turnors such as anti-estrogens including for example tamoxifen, raloxifene,
aroraatase inhibiting 4(5)-imidazoles, 4-bydroxytamoxifen, trioxifene, keoxifene, LY 117018,
onapristone, and toremifene (Fareston); and anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and gosereling and pharmaceutically acceptable salts, acids or
derivatives of any of the above. Combinations of chemotherapeutic agents are also administered
where appropriate, including, but not limited to CHOP, te., Cyclophosphamide (Cytoxan®j),

Doxorubicin ¢hydroxydoxorubicing, Vincristine {Oncovin®), and Prednisone.

{6225] The (chemo)therapeutic agent may be administered at the same time or within ong
week after the administration of the enginecred cell or nucleic acid.  In other aspects, the
{chermojtherapeutic agent is adrainistered from 1 to 4 weeks or from 1 week to | month, 1 week
to 2 montbs, 1 week to 3 months, 1 week to 6 roonths, | week to 9 months, or T week to 12 months
after the adroinistration of the engineered ccll or nucleic acid. In some aspects, the
{chemotherapeutic agent is administered at feast 1 month before administering the cell or nucleic
acid. In some aspects, the methods further comprise administering two or more chemotherapeutic

agents.

{0226] A variety of additional therapeutic agents may be used in conjunction/ combination
with the compositions or agentsfteeatments described herein. For example, potentially useful
additional therapeutic agents include PD-1 ichibitors such as wivolumab (OPDIVO®R),
perobrolizumab (KEYTRUDA®), pembrolizamab, pidilizumab (CureTech), and atezolizumab
{Roche), tocilizumab {with and without corticosteroids), inhibitors of GM-CSF, CSF1, GM-
CSFR, or CSFIR GM-CSF, CSF1, GM-CSFR, or CSFIR (anti-CSF1 antibody is selected from
those made by Roche (e.g.. RGT153), Pfizer (PD-0360324), Novartis (MCS110/lacnotuzumab),
Mavrilimurmab (formerty CAM-3001)}, a fully human GM-CSF Receptor o monoclonal antibody
currenily being developed by Medimmune, Inc.; cabiralizumab (Five Prime Therapeutics);

LY3022855 (IMC-CS4yER Lilly), Emactazuomab, also known as RG7155 or R(QS5509554;
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FPAOOS, a humanized mAb (Five Prime/BMS), AMGE20 (Amgen); ARRY-382 (Array
Biopharma); MCS110 (Novartis); PLX3397 (Plexxikon); ELBO41/AFS98/TG3003 (ElsaLys Bio,
Transgene), SNDIX-6352 (Syndax). In some aspects, the inhibitor or antagounist is expressed in
CAR-T cells. In some aspects, the inbibitor is a small molecule (e.g. hetercaryl amides,
quinolinone series, pyrido-pyrimide series)y; BLZ945 (Novartis), PLX7486, ARRY-382,
Pexidrtinib (also known as PLX3397) or 5-({S-chioro-1H-pyrrolof2 3-blpyridin-3-ylroethyl)-N-
06-(trifluoromethyDpyridin-3-vDmethyDpyridin-2-amune; GW 2880 (CAS  870483-87-7),
Ki20227 (CAS 623142-96-1), ACT08 by Ambit Siosciences, or any CSFIR inhibitor listed in
Cannarile et al. Journal for ImmunoTherapy of Cancer 2017, 5:53 and US20180371093,
incorporated herein by reference for the inbibitors they disclose. Additional neutralizing
antibodies to GM-CSF or its receptor have been described in the art,). Additional therapeutic
agents suitable for usc in combination with the compositions or agents/treatments and methods
disclosed herein include, but are not limited to, ibrutinib (IMBRUVICA®), ofatumumab
{ARZERRA®), rituximab (RITUXAN®), bevacizumab (AVASTIN®), trastuzumab
{(HERCEPTIN®), trastazumab emtansine (KADCYLA®), imatinib (GLEEVEC®), cetuximab
(ERBITUX®), panitumumab (VECTIBIX®), catumaxomab, ibritumomab, ofatumuraab,
tositumomab, brentuximab, alemtuzuroab, gemtuzumab, erdotinib, gefitinib, vandetanib, afatinib,
lapatinib, neratinib, lenalidomide, axitimb, masitinib, pazopamb, suonitinib. sorafenib,
tocilizumab, toceranib, lestaurtinib, axitinib, cediranib, lenvatinib, nintedanib, pazopanib,
regorafenib, semaxanth, sorafenib, sunitinib, tivozanib, toceranib, vandetanib, entrectinib,
cabozantintb, irnatinib, dasatinib, nilotinib, ponatinib, radotinth, bosotinib, lestaurtinib,
ruxolitinib, pacritinib, cobimetinih, sclumetinib, trametintb, binimetinib, alectinib, ceritinib,
crizatinib, aflibercept,adipotide, denileukin diftitox, mTOR inhibitors such as BEverolimus and
Temsirolimus, hedgehog inhibitors such as sonidegib and vismodegib, CDK inhibitors sach as

CDXK inhibitor {palbociclib).

{6227] The composition or agentsftreatments comprising immune cells are, or may be,
administercd with an anti-inflaromatory agent. Anti-inflanuoatory agents or drugs may include,
but are not limited to, steroids and glucocorticoids (including betarsethasone, budesonide,
dexamethasone, hydrocortisone  acetate, corticosteroid, hydrocortisone, bydrocortisone,
methyiprednisolone, prednisolone, prednisone, triamcinolone), nonsteroidal anti-inflarnmatory
drugs  (NSAIDS) including aspirin, ibuprofen, naproxen, methotrexate, suifasalazine,
feflunomide, anti-TNF medications, cyclophosphamide and roycophenolate. Exemplary NSAIDs
include ibuprofen, naproxen, naproxen sodivm, Cox-2 inhibitors, and sialylates. Exemplary

analgesics inchude acetaminophen, oxycodone, tramadel of proporxyphene hydrochloride.
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Exemplary  glucocorticoids  include cortisone, dexamethasone,  hydrocortisone,
methylprednisolone, prednisolone, or prednisone. Exemplary biological response medifiers
include molecules directed against cell surface markers (e.g., CD4, CDS, eic.}, eytokine inhibitors,
such as the TNF antagouists, {e.g., etanercept (ENBREL®), adalimumab (HUMIRA®) and
infliximab (REMICADE®), chemokine inhibitors and adhesion molecule inhibitors. The
hiological respounse modifiers include monoclonal antibodies as well as recombinant forms of
molecules. Exeraplary DMARDs inclade azathioprine, cyelophosphamide, cyelosporine,
methotrexate, penicillamine, leflunomide, sulfasalazine, hydroxychioroquine, Gold {oral

{aurancofing and inramuscular), and minocycline.

{0228] The compositions or agents/treatments described herein may be administered in
conjunction with a cytokine and/or a cytokine modulator as an additional therapeutic agent,
Sxaraples of cvtokines are lyrophokines, monokines, and traditional polypeptide hormones.
Inciuded among the cytokines are growth hormones sach as human growth hormone, N-methionyl
human growth hormone, and bovine growth bormone; patathyroid horraone; thyroxine; insuling
proinsuling relaxing provelaxing ghycoprotein hormones such as follicle stimulating hormone
(FSH), thyroid stimulating hormone (TSH), and luteinizing bormone (LH); hepatic growth factor
{(HGF); fibroblast growth factor (FGF); prolactin; placental lactogen; mullerian-inhibiting
substance; mouse gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth
factor; integrin; thrombopoietin (TPO); nerve growth factors (NGFs) such as NGF-beta; platelet-
growth factor; transforming growth factors (TGFs) such as TGF-alpha and TGE-beta; insulin-like
growth factor-I and -II; erythropoictin (EPO, Epogen®, Procrit®); ostecinductive factors;
interferons such as interferon-alpha, beta, and -gamma; colony stimulating factors (CSFs) such as
macrophage-CSF (M-CSF): granulocyte-macrophage-CSE (GM-CSF); and granulocyte-CSF (G-
C8Fy; interleukins (ILs) such as IL-1, [L-lalpha, IL-2, [L-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-
10, IL-11, IL-12; H.-15, a tunor necrosis factor such as TNF-alpha or TNF-beta; and other
polypeptide factors including LIF and kit ligand (KL). As used herein, the term cytokine includes
proteins from natural sources or from recombinant cell culture, and biologically active equivalents
of the native sequence cytokines. In one embodiroeni, the coropositions described herein are

administered in conjunction with a steroid or corticosteroid.

{62291 Corticosteroid  treatment may be used for weatment of adverse events.
Corticosteroids {or any other steroids, as well as any other treatment for adverse gvents) may be
used prophylactically, before any symptoms of adverse events are detected and/or after detection

of adverse cvents. They may be administered one or more days prior to T cell administration, on
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the day of T cell admunistration (before, after, and/or during T cell administration), and/or after T
cell administration. They may be administered prior o, during, or after conditioning therapy. Any
corticosteroid may be appropriate for this use. In one embodiment, the corticostercid s
degamethasone. In some embodiments, the corticosteroid is methylprednisolone. In some
embodiments, the two are administered in combination. In some embodiments, glucocorticoids
include synthetic and non-synthetic glucocorticoids. Exeraplary glucocorticoids include, but are
not limnited to: alclomethasones, algestones, beclomethasones {(e.g. beclomethasone dipropionate),
betamethasones (e.g. betamethasone 17 valerate, betamethasone sodium acetate, betamethasone
sodiura phosphate, betamethasone valerate), budesonides, clobetasols (e.g. clobetasel propionate),
clobetasones, clocortolones (e.g. clocortolone pivalate), cloprednols, corticosterones, cortisones
and hydrocortisones  {e.g. hydrocortisone acetate), cortivazols, deflazacorts, desonides,
desoximethasones, dexamethasones (e.g. dexamethasone 21-phosphate, dexamethasone acetate,
dexamethasone sodivm phosphate), diflorasones (e.g. diflorasone diacetate), diffucortolones,
difluprednates, enoxolones, fluazacorts, flucloronides, fludrocortisones (e.g., fludrocortisone
acetate), flumethasones {e.g. flumethasone pivalate), flunisolides, fluocinolones (e.g. fluocinolone
acetonide), fluocinonides, fluocortins, fluocortolones, fluorometholones (e.g. fluorometholone
acetate), fluperolones (e.g, fluperolone acetate), {luprednidenes, flupredni solones,
flurandrenolides. fluticasones  {e.g. fluticasone propionate), formocortals, halcinonides,
halobetasols, halometasones, halopredones, hydrocortamates, hydrocortisones  {e.g.
hydrocortisone 21-butyrate, hydrocortisone aceponate, hydrocortisone acetate, hydrocortisons
buteprate, hydrocortisone butyrate, hydrocortisone cypionate, hydrocortisone hemisuccinate,
hydrocortisone probutate, hydrocortisone sodium phosphate, hydrocortisone sodium succinate,
hydrocortisone valerate), lotepredno! ctabonate, mazipredones, medrysones, meprednisones,
methylprednl  solones  (methylpredmisolone  aceponate,  wmethylprednisolone  acetate,
methyiprednisolone hemisuccinate, methylprednisolone sodium succinate), mometasones {e.g.,
mometasone furcate), paramethasones (e.g., paramethasone acctate), prednicarbates,
prednisolones {e.g. prednisolone 25 -diethylaminoacetate, predmsolone sodiom phosphate,
prednisolone 2i-hemisuccinate, prednisolone acelate; prednisolone farnesylate, prednisolone
hemisuccinate, prednisolone-21  (beta-D-glucuronide), prednisolone metasulphobenzoate,
predunisolone steaglate, preduisclone tebutate, prednisolone tetrahvdrophthalate), prednisones,
prednivals, prednylidenes, rimexolones, tixocortols, triamcinolones (e.g. triamcinolone acetonide,
triameinolone benetonide, triamcinolone hexacetonide, triameinolone acetonmide 21 palmitate,
friamcinolone diacetate). These glucocorticoids and the salts thereof are discussed in detad, for

exarople, in Remington's Pharmaceutical Sciences, A. Osol, ed., Mack Pub. Co., Easton, Pa. (16th
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ed. 1980) and Remington: The Science and Practice of Pharmacy, 22nd Editon, Lippincott
Williams & Wilkins, Philadelphia, Pa. (2013) and any other editions, which are hereby
incorporated by reference. In some embodiments, the glucocorticoid is selected from among
cortisones, dexamethasones,  bydrocortisones, methylprednisolones, prednisolones  and
prednisones. In an embodiment, the glucocorticoid is dexamethasone. In other embodiments, the

steroid is a mineralcorticoid. Any other steroid may be used in the methods provided herein.

{6236] The one or more corticosteroids may be administered at any dose and frequency of
adroinistration, which may be adjusted to the severity/grade of the adverse event (e.g., CRS and
NE}. In another embodiment, corticosteroid administration comprises oral or TV dexarmethasone
10 mg, 1 —~ 4 times per day.  Anocther embodiment, sometimes referred to as “high-dose”
cotticosteroids, comprises admuunistration of IV methylpreduisone 1 g per day alone, or in
combination with dexamethasone. In some embodiments, the one or more cortico steroids are

administered at doses of 1-2 mg/kg per day.

{0231] The corticosteroid may be administered in any amount that is effective to
ameliorate one or more symptoms associated with the adverse events, such as with the CRS or
neurotoxicity. The corticosteroid, e.g., glucocorticoid, can he administered, for example, at an
amount between at or about 8.1 and 100 mg, per dose, 0.1 to 80 mg, 0.1 to 60 g, 0.1 to 40 mg,
0.1 0 30 mg, 0.1 0 20 mg. 0.1 to 15 mg, 0.1 to 10 mg, 0.1 to 5 mg. 0.2 to 40 mg, .2 to 30 mg,
0210 20mg, 0.2 to {5 mg, 0210 10mg, 0.210 5 mg, 0.4 t0 40 10g, 0.4 10 30 mg, 0.4 10 20 mg,
0.41t0 15mg, 0.4t0 10mg, 04105 mg, 64 to4mg, 1to20mg, io I5mgor 1o 10mg toa 70
kg adult human subject. Typically, the corticosteroid, sach as a ghicocorticoid is administered at
an amount between at or about 0.4 and 20 mg, for example, at or about 0.4 mag, 0.5 g, 0.6 mg,
0.7 mg, 075 mg, 0.8 mg, 0.9 mg, 1 mg, 2 g, 30g, 4 mg. 5 mg, 6 og, 7 mg, S mg, P mg, H0mg,
11 mg. 12 mg, 13 mg. 14 mg. 15 mg, 16 myg, 17 mg. 18 mg, 19 myg or 20 mg per dose, to an

average adult human subject.

{32323 In some embodiments, the corticosteroid may be administered, for example, at a
dosage of at or about 0.001 mg/kg (of the subject), 0.002 mogrkg, 0.003 mg/kg, 0.004 mg/kg, 0.005
mg/kg, 0.006 rogikg, 0.007 mg/kg, 0.008 mg/ke, 0.009 mg/ke, 0.01 mg/kg, 0.015 mg/kg, 0.02
myg/kg, 0.025 mg/kg. 0.03 mg'kg, 0.035 mg/ke, 0.04 mp/kg, 0.045 mgig, 0.05 mg/kg, 0.055
mg/kg, 0.06 mg/kg, 0.065 mg/ke, 0.07 mg/kg, 0.075 mg/kg, 0.08 mglke, 0.085 mg/ke, 0.09
mgikg, 0.095 mg/kg, 0.1 mgikg, .15 nog/ke, 0.2 mg/kg, 0.25 mgikg, 0.30 mg/kg, 0.35 mg/kg,
0.40 mglkg, 0.45 rog/kg, 0.50 mg/kg, 0.55 mg/ke, 0.60 mglkg, 0.65 roglhkg, 0.70 mg/kg, 0.75
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mg/kg, 0.80 mp/ke. 0.85 mg/kg, .90 mg/ke, 0.95 mg/ke, 1 mo/ke, 1.05 mg/ke, 1.1 my/kg, 115
mg/kg, 1.20 mg/kg, 1.25 mg/kg, 1.3 mgikg, 1.35 mg/kg or 1.4 mg/ky, to an average adult human

subject, typically weighing about 70 kg 10 75 kg.

{02331 senerally, the dose of corticosteroid administered is dependent upon the specific
corticosteroid, as a difference in potency exisis between different corticosteroids. It is typically
understood that drugs vary in potency, and that doses can therefore vary, in order to obtain
equivalent effects. Equivalence in terms of potency for various glucocorticoids and routes of
administration. i1s well known. Information relating to equivalent steroid dosing (in a non-

chronotherapeutic oanner) roay be found in the British National Formunlary (BNF) 37, March

1999,

{6234]

maore of the following:

In some embodiments, the adverse eventsfreactions may be chosen from one or

Adverse Eveni/Reaction

mmine System Disorders

Blood and Lymphatic System Disorders

vitokine release syndrome

Coagulopathy @

Hypogammaglobulinemia k

Cardiac Disorders

Infections and Infestations

Tachycardias P

Infection — pathogen unspecified

Bradycardias ¥

Viral infections

Non-ventricular Archythmias &

Bacterial infections

Gastrointestinal Disorders

Vetabolism and nutriiion disorders

Nauses Decreased appetite
Constipation Musculoskeletal pain !
Diarchea

fotor dysfunction 2

Abdominal pain ©

Pevehiatric Disorders

Oral pain T

Nervous System Disorders

Vormiting £

Encepbalopathy

Dysphagia Trermor
Pyrexia Headache ©
21 rries BE H
Fatigue Aphasia P
Challs Dizziness 4
ST
Edema europathy ¥
Dry mouth tnsonmia
Pain |

Delivuom ®

Inunune System Disorders

Anxiety

Cytokine release syndrome

Renal and Urinary Disorders

Hypogammaglobulinemia €

Renal insufficiency |

Infections and Infestations

Urine ontput decreased ¥

infection — pathogen vnspecified

Hypoxia

Yiral infections

Cough ¥

Bacterial infections

Dyspnea W
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Metabolism and nutrition disorders Plevral effusion
Decreased appetife Skin and Subcutaneous Tissue Disorders
o e I | -
Musculoskeletal pain Rash X
Motor dysfunction Vascular Disorders

Pevehiatric Disorder : .
Psychiatric Disorders Hypotension ¥
Nervous System Disorders Hypertension
Encephalopathy B

Thrombosis %
Tremor Hemorrage
Headache ©
Aphasia P
Dizziness 4
Neuropathy ¥

fnsomnia
Delirium 3
Anxiety
{32351 Other adverse reactions include: Gastrointestinal disorders: dry mouth; Infections

and infestations disorders: fungal infection; Metabolisin and nuirition disorders: dehydration;
Nervous system disorders: ataxia, seizure, increased intracranial pressure; Respiratory, thoracic
and mediastinal disorders: respiratory failure, pulioonary edema; Skin and subcutaneous tissue

disorders: rash; Vascular disorders: hemorrhage.

{6236] In one embodiment, cytokine release syndrome symptoms include but are not
Limited to, fever, rigors, fatigue, anorexia, myalgias, arthalgias, nausea, vomiting, headache, rash,
diarrhoea, tachypnea, hypoxemia, fachycardia, hypotension, widened pulse pressure, early
increased cardiac output, late diminished cardiac output, hallucinations, treyoor, altered gait,
seizures and death. In one embodiment. a method for grading CRS is deseribed in Neelapu et al.,
Nat Rev Clin Oncol. 15(1):47-62 (2018) and Lee, et al,, Blood 2014; 124:188-195. In one
embodiment, Neurotoxicity/Neurologic events yoay be graded by the method described in Lee, et

al, Blood 2014; 124: 188-195.

{62371 In some embodiments, the adverse events are managed with tocilizuroab (or
another anti-IL6/IL6R agent/antagonist), a corticosteroid therapy, or an anti-seizure medicine for
toxicity prophylaxis. In some embodiments, the adverse events are managed by one of more
agent(s) selected from inhibitors of GM-CSF, C5F1, GM-CSFR, or CSFIR, anti-thymocyte

globulin, lenzitumab, mavrilimmumab, cytokines, and anti-inflammatory agents.

{0238] In some embodiments, the present disclosure provides methods of preventing the
development or reducing the severity of adverse reactions to the T cell treatments of the disclosure.

In some embodiments, the cell therapy is administered in with one or more agents that prevents,

‘

p

o
i



WO 2024/092152 PCT/US2023/077950

delays the onset of, reduces the symptoms of, treats the adverse events, which include cytokine
release syndromes and neurclogic toxicity. In one embodiment, the agent has been described
above. In other erobodiments, the agent ts described below. In some erobodiments, the agent is
adroinistered by one of the methods and doses described elsewhere in the specification, before,
after, or concwrrently with the administration of the cells. In one embodiment, the agent(s) are
administered to a subject that may be predisposed to the disease but has not yet heen diagnosed

with the disease.

{0239] fn this respect, the disclosed method may comprise administering a
“prophylactically effective amount” of tocilizumab, of a corticosteroid therapy, and/or of an anti-
seizure medicine for toxicity prophylaxis. In some cmbodiments, the method comprises
administering inbibitors of GM-CSF, CSF1, GM-CSFR, or CSFIR, lenzilumab, maveilimumab,
cytokines, and/or anti-inflammatory agents. The pharmacologic and/or physiologic effect may be
prophylactic, i.e., the effect completely or partially prevents a disease or symptom thereof. A
“orophylactically effective amount” may refer to an amount effective, at dosages and for periods
of fime necessary, to achieve a desired prophylactic result (¢.g., prevention of onset of adverse

reactions}.

{2487 In some embodiments, the method comprises management of adverse reactions in
any suabject. In some embodiments, the adverse reaction is selected from the group consisting of
cytokine release syndrome (CRS), a neurologic toxicity, a bypersensitivity reaction, a serious
infection, a cytopenia and hypogammagiobshinemia. Tn some embodirnents, the signs and
symptoms of adverse reactions are selected from the group consisting of fever, hypotension,
tachycardia, hypoxia, and chills, include cardiac archythmias (including atrial fibrillation and
ventricular tachycardia), cardiac arrest, cardiac fatlure, renal insufficiency, capillary leak
syndrome, hypotension, hypoxia, organ {oxicity, hemophagocytic
lymphohisdocytosis/macrophage activation syndrome (HLH/MAS), scizure, encephalopathy,
beadache, treroor, dizziness, aphasia, delirium, insomnia aoxicty, anaphylaxis, febrile
neutropenia, thrombocytopenia, neutropenia, and anemia. In some embodiments, the patient has

been identitied and selected based on one or more of the biomarkers of adverse events.

{0241] In some embodiments, the method comprises preventing or reducing the severity
of URS in a chimeric receptor treatment. In some embodiments, the engineered CAR T celis are
deactivated after administration to the patient. In some embodiments, the method comprises

identifying CRS based on clinical presentation.  In some embodiments, the roethod comprises
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evaluating for and treating other causes of fever, hypoxia, and hypotension. Patients who
experience > Grade 2 CRS {e.g., hypotension, not responsive to fluids, or hypoxia requiring
supplemental oxygenation) should be mounitored with continuous cardiac teleroetry and pulse
oximnetry. In some embodunents, for patienis experiencing severe CRS, consider performing an
echocardiogram to assess cardiac function. For severe or life-threatening CRS, intensive care
supportive therapy may be considered. In some embodiments, the method comprises moniforing
patients at least daily for 7 days at the certified healthcare facility following infusion for signs and
symptoms of CRS. In some embodiments, the method comprises monitoring patents for signs or
symptoms of CRS for 4 weeks after infusion. In some embodiments, the method comprises
counseling patients {0 seek immediate medical attention should signs or symptoros of CRS occur
at any time. In some embodiments, the method comprises instituting treatment with supportive

care, tocllizumab or tocilizumab and corticosteroids as indicated at the first sign of CRS.

{0242] In some embodiments, the method comprises monitoring patients for signs and
symptonms of neurclogic toxicities. In some embodiments, the method comprises ruling out other
causes of neurologic symptoros. Patients who experience > Grade 2 neurologic toxicities should
be monitored with continpous cardiac telemetry and pulse oximetry. Provide intensive care
supportive therapy for severe or life-threatening neurologic toxicities. In some embodiments, the
syraptorn of neurclogic foxicity s selected from encephalopathy, beadache, tremor, dizziness,

aphasia, deliriurn, insorania, and anxiety.

{6243} fn some ecmbodiments, the cell ftreatmoent 1s  administered before,
during/concwrrently, and/or after the administration of one or more agents {e.g., steroids} or
freatiments (e.g., debulking) that treat and or prevent (are prophylactic) one ot more symptorns of
adverse events. A “prophylactically effective amount” refers to an amount effective, at dosages
and for periods of time necessary, to achieve the desired prophylactic result. In one embodiment,
a prophylactically effective amount is used in subjects prior to or at an catlier stage of disease. In
oune erobodiment, the prophylactically effective amount will be less than the therapeutically
effective amount. In one embodiment, the adverse event freatment or prophylaxis is administered
to any patient that will receive, is receiving, or has received cell therapy. In some embodiments,
the method of managing adverse events comprises monitoring patients at least daily for 7 days at
the certified healthcare facility following infusion for signs and symptoms of nearologic toxicities.
In some embodiments, the method comprises monitoring patients for signs or symptoms of

neurologic toxicities and/or CRS for 4 weeks after infusion.
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{0244] In some embodiments, the disclosure provides two methods of managing adverse
cvents in subjects receiving CAR T cell treatment with steroids and anti-IL6/anti-IL-6R
anitbody/fies. in one embodiment, the disclosure provides a method of adverse event roanagement
whereby corticosteroid therapy is initiated for management of all cases of grade 1 CRS if there
was no improvement after 3 days and for all grade =1 neurologic events. In one embodiment,
tocilizumab is initiated for all cases of grade 1 CRS if there is no tmprovement after 3 days and
for all grade 22 neurclogic events. In one ermshodiment, the disclosure provides a2 method of
reducing overall steroid exposure in patients receiving adverse event management after CAR T
cell administration, the method comprising initiation of corticosteroid therapy for management of
all cases of grade 1 CRS if there was no fraprovement after 3 days and for all grade >1 neurologic
events and/or inttiation of tocilizamab for all cases of grade 1 CRS if there is no improvement
after 3 days and for all grade >2 neurologic events. In one embodiment, the corticosteroid and
tocilizumab are adroinistering in a regimen sclected from those exemplified the Examples section.
In one erobodiment, the disclosure provides that earlier stevoid use is not associated with increased

risk for severe infection, decreased CAR T-cell expansion, or decreased tumor response.

{6245] In one embodiment, the disclosure supports the safety of levetiracetam prophylaxis
in CAR T cell cancer treatment. In one embodiment, the cancer is NHL. In one embodiment, the
cancer is R/R LBCL and the patients receive KTE-X19. Accordingly, in one embodiroent, the
disclosure provides a roethod of managing adverse events in patients treated with CAR T cells
comaprising administering to the patient a prophylactic dosage of an anti-seizure medication. In
some embodiments, the patients receive levetiracetam {for example, 750 mg orally or intravenous
twice daily) starting on day 0 of the CAR T cell treatment (after conditioning) and also at the onset
of grade >2 neurologic toxicities, if newrologic events occur after the discontinuation of
prophylactic levetivacetam. In one embodimeny, if a patient does not expericnce any grade =2
newrologic toxicities, levetiracetam is tapered and discontinued as clinically indicated. In one
embodiment, levetiracetam prophylaxis is combined with any other adverse event management

protocol.

{024¢6] In onc embodiment, patients may receive levetiracetam (730 mg oral or
intravenous twice daily) starting on day . At the onset of grade 22 neurslogic cvents,
levetiracetam dose is increased to 1000 mg twice daily. If a patient did not experience any grade
>2 neurologic event, levetiracetam is tapered and discontinued as clinically indicated. Patients
also receive tocilizumab {8 mg/kg IV over 1 howr [not to exceed 800 mg]) on day 2. Further

toctlizumab (Zeorticosteroids) may be recommended at the onset of grade 2 CRS in patients with
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comorbidities or older age, or otherwise in case of grade >3 CRS. For patients experiencing grade
>2 newologic events, tocilizumab is initiated, and corticosteroids are added for patients with
comporbidifies or older age, or if there ts any occurrence of a grade >3 neurologic event with

worsening symptoms despite tocilizumab use.

{6247] In one embodiment, the disclosure provides that prophylactic steroid use appears
to reduce the rate of severe CRS and NEs to a similar extent as early steroid use administration.
Accordingly, the disclosure provides a method for adverse event management in CAR T-cell
therapy wherein patients receive dexamethasone 10 mg PO on Days 0 (prior to infusion), 1, and
2. Steroids may also administered starting at Grade 1 NE, and for Grade I CRS when no
improvement is observed after 3 days of supportive care. Tocilizumab may also administered for
Grade > 1 CRS if no improveroent is observed after 24 hours of supportive care. In one
embodiment, the disclosure provides that adverse event manageroent of CAR T-cell therapy with
an antibody that neutralizes and/or depletes GM-CSF prevents or reduces treatment-related CRS

and/or NEs in treated patients. In one embodiment, the antibody s lenzilumab.

{32481 In some embodiments, the adverse events are managed by the administration of an
agent/agents that is/are an antagouist or inhibitor of 1L-6 or the L-6 receptor (IL-6R). In some
embodiments, the agent is an antibody that neutralizes IL-6 activity, such as an antibody or
antigen-binding fragment that binds to IL-6 or IL-6R. For example, in some embodiments, the
agent 18 or cormprises toclizomab (atlizumab) or saritumab, ant-IL-6R antibodies. In some
erpbodiments, the agent is an anti-IL-6R antibody described in U.S. Patent No: 8,562,991, In some
cases, the agent that targets IL-6 is an anti-TL-6 antibody, such as siltuximab, elsilimomab,
ALDSI8/BMS-945429, sirukamab (CNTO 1363, CPSI-2634, ARGX 109, FE301, FMi01, or
alokizumab (CDPG6038), and combinations thereof. In some cmbodiments, the agent roay
neutralize IL-6 activity by inhibiting the ligand-receptor interactions. In some embodiments, the
[L-6/1L-6R antagonist or inhibitor is an fL-6 mutein, such as one described in U.S. Patent No.
5591827, In some embodiments, the agent that is an anfagomst or inhibitor of IL-6/1L-6R is a

small molecule, a protein or peptide, or a nucleic acid.

{0249] In some embodiments, other agents that may be ased to manage adverse reactions
and their symptoms include an antagonist or inhibitor of a cytokine receptor or cytokine. In some
embodiments, the cytokine or receptor is IL-18Q, TL-6, TL-6 receptor, IFNy, IFNGR, IL-2, fL-
2RACDZS, MCP-1, CCR2, CCR4, MIF13, CCRS, TNFalpha, TNFR1, such as TL-6 receptor (M-
6R), IL-2 receptor (JL-2R/CD2S), MCP-1 (CCL2) receptor (CCR2 or CCR4), a TGF-beta receptor
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{TGEF-beta I, 1, or HI), IFN-gamma receptor (IFNGR), MIP1P receptor {e.g., CCRS), TNF alpha
recepior {e.g., TNFR 1), IL-1 receptor (IL1-Ra/fL-1RP), or IL-10 receptor (JL-10R), IL-1, and IL-
1Ralpha/ll-1beta. In some crobodiments, the agent comprises stiuxunab, sarifumab, olokizumab
{CDP6O3R), elsilimomab, ALDSIR/BMS-94542¢, sinskumab (CNTO 136), CPSI-2634, ARGX
109, FE301, or FMI0L. In some embodiments, the agent, is an antagonist or inhibitor of a
cytokine, such as transforming growth factor beta (TGF-beta), interlevkin 6 (TL-6), interlevkin
10 JL-10), 1L-2, MIP13 (CCL4), TNF alpha, 1L-1, interferon gamma (JFN-gamma), or monocyte
chemoatiractant protein-f (MCP-1). In some embodiments, the is one that targets (e.g. Inhibits or
is an antagonist of) a cytokine receptor, such as TL-6 receptor (L-6R), IL-2 receptor (IL-
2R/CD2S), MCP-1 (CCL2) receptor (CCR2 or CCR4), a TGF-beta veceptor (TGF-beta 1, 1, or
If). IFN-gamma receptor (JFNGR), MIPIP receptor (e.g., CCRS), TNF aipha receptor {e.g.,
TNFR1), IL-1 receptor (IL1-Ra/IL-1RP), or IL-10 receptor (JL-10R) and combinations thereof.
In some embodiments, the agent is adounistered by one of the methods and doses deseribed

elsewhere in the specification, before, after, or concurrently with the admanistration of the cells.

[0256] In some erobodiments, the agent is administered in a dosage amount of from or
from about 1 mg/kg to 10 mg/kg, 2 mg/ke to 8 mgike, 2 mg/ke to 6 mg/kg, 2 mg/kg o 4 mo/ky
or 6 mg/kg to 8 mg/kg, each inclusive, or the agent is administered in a dosage amount of at least
or 4t least about or about 2 mg/kg, 4 mg/kg, 6 mgikg or 8 mg/kg. In some embodiments, is
administered in a dosage amount from about 1 mg/kg to 12 rog/kg, such as at or about 10 mg/kg.
In some embodiments, the agent is administered by intravenous infusion. In one embodiment, the
agent is toctlizumab. In some embodiments, the (ageni(s), e.g., specifically tocilizumaly) is/are
administered by one of the methods and doses described elsewhere in the specification, before,

after, or concurrently with the admimstration of the cells.

{02581] In some embodiments, the method comprises idenufying CRS based on clinical
presentation.  In some embodiments, the method comprises evaluating for and treating other
causes of fever, hypoxia, and hypotension. if CRS s observed or suspected, it may be managed
according to the recommendations in protocol A, which may also be used in combination with the
other treatments of this disclosure, including Neutralization or Reduction of the CSF/CSFR1 Axis.
Patients who experience > Grade 2 CRS (e.g., hypotension, not responsive to fluids, or hypoxia
requiring supplemental oxygenation) should be monitored with continuous cardiac telemetry and
pulse oximetry. In some embodiments, for patients experiencing severe CRS, consider
performing an echocardiogram to assess cardiac function. For severe or life-threatening CRS,

intensive care supportive therapy may be considered. In some embodiraents, a hiosimilar or
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equivalent of tocilizumab may be used instead of tocilizumab in the methods disclosed herein. In

other embodiments, another anti-ILOR may be used instead of tocilizumab.

{6252] In some embodiments, adverse events are managed according to the following

protocol (protocol A
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CRS Grade ()

Tociliziumab

Corticosteroids

Grade 1

Symptoros require
symptomatic treatment only
{e.g., fever, nausea, fatigue,

headache, mayalgia, malaise}.

N/A

N/A

Grade 2

Symptoms require and
respond o moderate
intervention.

Oxygen requireroent less
than 40% Fi» or
hypotension responsive o
fluids or low-dose of one
vasopressor or (Grade 2 organ

toxicity (&)

Administer tocilizumab (¢} 8
rag/kg IV over 1 howr (not to
exceed 800 mg).

Repeat tocilizumab every 8
hours as needed if not
responsive to 1V fluids or
increasing supplemental
oxygern.

Liroit to a roaxinwm of 3
doses in a 24-hour pertod;
maxiroum total of 4 doses if
no clinical improvernent in
the signs and syraptoms of

CRS.

Manage per Grade 3 if no
improvement within 24 hours

after starting tocilizarnab.

Grade 3

Symptors require and
respond o aggressive

intervention.

Oxygen requirement greater
than or equal to 40% FiO: or
hypotension requiring high-
dose or multiple vasopressors
or Grade 3 organ toxicity or

Grade 4 transaminitis.

Per Grade 2

Administer

methylprednisolone 1 mg/kg
IV twice daily or equivalent
dexamethasone (e.g., ¥ mg

1V every G hours).

Continue corticosteroids use
until the event is Grade 1 or

less, then taper over 3 days.

If not improving, manage as

Grade 4.
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Grade 4 Per Grade 2 Administer
methylprednisolone 1300 mg

Life-threatening symptoms. o .
1V pex day for 3 days; if

Requirernents for ventilator unproves, then manage as
SUPPOTL, COntinuous veno- above.

venous hemodialysis .
Consider alternate

(CYVVYHD) or ) )

immunosuppressants if no
(Grade 4 organ [OXicity unprovement of if condition
(excluding transaminitis). WOTSERS.

{a) Lee DW et al., (2014 ). Current concepts in the diagnosis and management of cytokine
release syndrvome. Blood, 2014 Jul 1G; 124(2): 188-795.

{b) Refer to protocol B for management of nenrologic toxicity.

{c} Refer to ACEMTRA® (tocilizumab} Prescribing Information for details,
hitps:fwww.gene.com/download/pdffactemra_prescribing. pdf (1ast accessed Oct, 18, 2017,

Initial U.S. approval is indicated to be in 2010,

Neurologic Toxicity

{02583] In some embodiments, the method comprises monitoring patients for signs and
symptoms of neuwrologic toxicities. In some embodiments, the method comprises ruling out other
causes of neurologic symptoros. Patients who experience 2 Grade 2 neurologic toxicities should
be monitored with continuous cardiac telemetry and pulse oximetry. Provide intensive care
supportive therapy for severe or hife-threatening neurclogic toxicities. Consider non-sedating,
anti-seizure medicines {¢.g., levetiracetanyy for scizure prophylaxis for any > Grade 2 neurologic
toxicities. The following treatroents may be used in combination with the other treatments of this

disclosure, including Neutralization or Reduction of the CSF/ACSFRI Axis.
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protocol {protocol Bj:

PCT/US2023/077950

In some embodiments, adverse events are managed according to the following

Grading Concurrent CRS No concurrent CRS
Assessment
Grade 2 Administer tocilizumab per protocol A Administer dexamethasone 10
(table above) for management of Grade 2 | mg IV every 6 hours.
CRS. Continue dexamethasone use
H no improveraent within 24 hours after | antil the event is Grade 1 or
starting tocilizumab, administer less, then taper over 3 days.
dexamethasone 10 mg PV every 6 hours if
not already taking other steroids.
Continue dexamethasone use until the
event is Grade 1 or less, then taper over 3
days.
Consider non-sedating, anti-seizure moedicines {e.g., levetiracetam) for
seizure prophylaxis.
Grade 3 Administer tocilizumab per (protocol Ay | Administer dexamethasone 10
for management of Grade 2 CRS. myg IV every 6 hours.
In addition, administer dexamethasone 10 | Continue dexamethasone use
rog IV with the first dose of tocilizurnab | until the event is Grade 1 or
and repeat dose every 6 hours. Continue | less, then taper over 3 days.
dexamethasone use untif the event is
Grade 1 or less, then taper over 3 days.
Consider non-sedating, anti-seizure medicings {e.g., levetiracetam) for
seizure prophylaxis.
Grade 4 Administer toctlizumab per (protocol Ay | Administer
for management of Grade 2 CRS. methylprednisolone 1000 mg
Administer methylpredniseolone 1000 mg | IV per day for 3 days; if
IV per day with first dose of tocilizumab | improves, then manage as
and continue methylprednisolone 1000 above,
rog 1V per day for 2 more days; if
improves, then manage as above.
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Grading Concurrent CRS No concurvent CRS

Assessment

Consider non-sedating, anti-seizore medicines {(e.g.. levetivacetam) for

seizure prophylaxis.

Addittonal Safety Management Strategies with Corticosteroids

{(255] Administration of corticostersids and/or toctlizumab at Grade 1 may be considered
prophylactic. Supportive care may be provided in all protocols at all CRS and NE severity grades.
In one embodiment of a protocol for management of adverse events related to CRS, tocilizurnab
and/or corticosteroids are admiinistered as follows: Grade 1 CRS: no tocilizumab: no
corticosteroids; Grade 2 CRS: tocilizuroab (only in case of comorbidities or older age); andfor
corticosterolds (only in case of comorbidities or older age);Grade 3 CRS: focilizumab; and/or
corticosteroids; Grade 4 CRS: tocilizumab; and/or corticosteroids. In another embodiment of a
protocol for management of adverse events related to CRS, tocilizumab and/or corticosteroids are
administered as follows: Grade T CRS: tocilizumab (if no Uvprovement after 3 days); and/or
corticosteroids  (if no improvement after 3 days); Grade 2 CRS: tocilizumab; and/or
corticosteroids; Grade 3 CRS: tocilizumab; and/or corticosteroids; Grade 4 CRS: tocilizumab;

and/or corticosteroids, high dose.

{(256] In one embodiment of a protocol for management of adverse events related to NE,
tocilizamab and/or corticosteroids are administered as follows: Grade 1 NE: no tocilizumab; no
corticosteroids; Grade 2 NE: no tocilizumaby;, no corticosteroids; Grade 3 NE: tocilizumab; and/or
corticosteroids {only if no improvement to tocilizumab, standard dose); Grade 4 NE: tocilizumab;
and/or corticosteroids. In another embodiraent of a protocol for management of adverse events
related to NE, tocthzumab and/or corticosteroids are administered as follows: Grade T NE: no
tocilizumab; and/or corticosteroids; Grade 2 NE: toctlizumab; and/or corticosteroids; Grade 3 NE:
tocilizumab; and/or corticosteroids, high dose; Grade 4 NE: tocilizumab; and/or corticosteroids,
high dose. In one embodiment, corticosteroid treatment is initiated at CRS grade > 2 and
tocilizumab is initiated at CRS grade > 2. In one embodiment, corticosteroid treatment is initiated
at CRS grade > 1 and tocilizumab is intitated at CRS grade > 1. In one embodiment, corticosteroid
treatment 8 initiated at NE grade > 3 and tocilizumab is tnitiated at CRS grade 2 3. In one
embodiment, corticosteroid treatment is initiated at CRS grade > 1 and tocilizumab is initiated at
CRS grade > 2. In some embodiments, prophylactic use of tocilizumab administered on Day 2

may decrease the rates of Grade > 3 CRS. The one or more corticosteroids ray be administered
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at any dose and frequency of administration., which may be adjusted to the severity/grade of the
adverse event {e.g., CRS and NE). In another embodiment, corticostercid administration
comaprises oral or IV dexamethasone 10 mg, 1 -4 times per day. Another ermbodiment, soroetioes
referred to as “high-dose” corticosteroids, comprises adroinistration of IV methylprednisone 1 g
per day alone, or in combination with dexamethasone. In some embodiments, the one or more
corticosteroids arc administered at doses of 1-2 mg/kg per day. Generally, the dose of
corticosteroid administered is dependent upon the specific corticosteroid, as a difference in
potency exists between different corticosteroids. It is typically understood that drugs vary in
potency, and that doses may therefore vary, in order to obtain equivalent effects. Equivalence in
terms of potency for various ghicocorticoids and routes of administration. is well known.
Information relating to eqguivalent steroid dosing (in a non-chronotherapeutic manner) may be
found in the British National Formulary (BNF} 37, March 1999.The application also provides
dosages and administrations of cells prepared by the methods of the application, for example, an
infusion bag of CD19-directed genetically modified autologous T cell immunotherapy, coroprises
a suspension of chimeric antigen receptor {CAR)-positive T cells in approximately 68 mL for
infusion. ki some embodioends, the CAR T cells are fornulated in approximately 40 ml. for
infusion In some embodiments, the CAR T cell product is formulated in a total volume of 33, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300, 400, 560, 500, 700, 300, 906, 1000 mL.
In one aspect, the dosage and administration of cells prepared by the methods of the application,
for example, an infusion bag of CDI19-directed genetically modified autclogous T cell
immunotherapy, comprises a suspension of 1x10° CAR-T positive cells in approximately 40 mL.
The target dose may be between about 1 x 10% and about 2 x 10° CAR-positive viable T cells per

kg body weight, with a maxiroum of 2 x 10° CAR-positive viable T cells.

{02871 In some cmbodirents, the dosage form comprises a cell suspension for infusion in
2 single-use, patient-specific infusion bag; the route of administration is intravenous; the entue
contents of each single-use, patient-specific bag is infused by gravity or a peristaltic pump over
30 minutes. In one embodiment, the dosing regimen is a single infusion consisting of 2.0 x 10°
anti-CD19 CAR T celisfks of body weight (+ 20%), with a maxireuro dose of 2 x 10° anti-CD19
CAR T cells (for subjects 2 100 kg). In some embodiments, the T cells that roake up the dose are

CD19 CAR-T celis.

{0258] In some embodiments, the CD9-divected T cell immunotherapy is KTE-X19,
which is prepared as described elsewhere in this application. In one embodiment, KTE-X19 may

be used for treatment of MCL, ALL, CLL, SLL, and any other B cclt malignancy. In some
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embodiment, the CD19-directed genetically modified autologous T cell immunotherapy is Axi-
cel™ (YES{TCARTA®, axicabtagene ciloleucel) prepared by one of the methods of the application.
Amounts of CAR T cells, dosage regimens, methods of adnunistration, subjects, cancers, that falt
within the scope of these methods are described elsewhere in this application, alone or in
combination with another chemotherapeutic agent, with or without preconditioning, and to any of

the patients described elsewhere in the application.

{6259] The following exaraples are intended to illustrate various aspects of the application.
As such, the specific aspects discassed are not to be construed as Hmitations on the scope of the
application. For example, although the Examples below are directed to T cells transdaced with an
anti-CDI9 chimeric antigen receptor (CAR), one skilled in the art would understand that the
methods described hercin may apply to immune cells transduced with any CAR. It will be apparent
to one skilled in the art that various equivalents, changes, and modifications moay be made without
departing from the scope of application, and it is understood that such equivalent aspects are to be
included herein. Further, all references cited in the apphication are herchy incorporated by

reference in their entirety, as if fully set forth herein.

{62601 The patent and scientific literature referred o berein establishes the knowledge that
is available to those with skill in the art. All United States patents and published or unpublished
United States patent applications cited herein are incorporated by reference. All published foreign
patenis and patent applications cited herein are hereby incorporated by reference. All other
published references, dictionaries, docurgents, manascripts, genomic database sequences, and

scientific literature cited herein are hereby incorporated by reference.

{0261] Other features and advantages of the disclosure will be apparent from the
Examples.

EXAMPLE 1
{0262] This example describes a phase 2 muolticenter study (ZUMA-2) evaluating the

cfficacy of Brexucabtagene Autoleucel (KTE-X19) in patients with relapsed/refractory mantle
cell lymphoma (R/R MCL) who were not previously freated with a Bruton Tyrosine Kinase

Tnhibitor (BTKA.

{6263] This phase 2 study is a multicenter, open-label study evaluating the efficacy of
brexu-cel in patients with R/R MCL. The key cligibility criteria for Cohort 3 (NCT04880434)
include patients >18 years of age with MCL who have received 1 to 5 prior regimens including

prior anthracycling-, bendamustine-, or high-dose cytarabine-containing chemotherapy, and an
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anii-CD20 monoclonal antibody, but have notreceived prior therapy with a BTKi. History of prior
allogeneic stemn cell transplant (alloSCT) is allowed if no donor cells are detected on chimerism
>100 days after alloSCT. Patients receive counditioning chemotherapy of fludarabine 30
mg/m/day and cyclophosphamide SO0 mg/m*/day. administered on Days -5, -4, and -3, followed
by a single infusion of brexu-cel at a target dose of 2x10° anti-CD19 CAR T celis/kg on Day 0.
At the discretion of the investigator, bridging therapy with dexamethasone, radiotherapy, specified
chernotherapy, or any combination thereof, is reconuvended for all patients in Cohort 3,
particularly those with rapidly progressing disease, clinical deterioration, or high disease burden

at screening.

{0264] The primary endpoint is ORR as assessed by an independent radiologic review
conunittee per the Lugano classification. Secondary endpoints include safety, duration of
response, progression-free survival, overall survival, levels of circulating CAR T cells and
cytokines, and change in patient-reported outcomes over time. In the pivotal cohort, EuroQol five-
dimensional (EQ-5D) scores were assessed through Month & only, whereas for Cohort 3, EQ-5D
and the Euwropean Orgamzation for Research and Treatment of Cancer Quality of Life
{uestionnaire {EORTC-QLQ-C30) scores will be assessed over time. Minimal residual disease

will be assessed for Cohort 3 via next generation sequencing of ctDNA through Month 24.

{0265] Approximately 90 patients will be enrolied in Cohort 3 with a target ORR of 75%,
with a hypothesis that the observed ORR will be significantly greater than 57%, the historical
control rate based on systematic Hterature review and meta-analysis. The primary analysis of
Cobhort 3 will occur after 86 patients have been envolled and treated with brexu-cel, and have had
the opportunity to be assessed for response 6 months after the first objective response or 9 roonths
after brexu-cel infusion, whichever occurs sooner. ZUMA-2 Cohort 3 is cumrently enrolling

patients at 41 sites in the United States, France, Germany, the Netherlands, Spain, and the United

Kingdom.
EXAMPLE 2
{0266] This example describes assessment of durable responses after Brexucabtagene

Autoleucel (KTE-X19) in the ZUMA-2 stdy in relapsed/refractory mantle cell lymphoma (R/R
MCE). The study design is shown in Figure 1. After 35.6 mounths follow-up in ZUMA-Z,
brexu-cel demonstrated an objective response rate (ORR; coraplete response [CR] + partial
response [PR]) of 1% (95% C1, 81.8 to 96.7), a CR rate of 68% (95% (1, 55.2 to 78.5), a median
duration of tesponse (DOR) of 28.2 months (95% CL 13.5 10 47.1), and a median overall survival

{OS) of 46.6 months (95% CI, 24.9 to not estimable) in all 63 treated patients and not reached in
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patients with CR. To identify factors associated with long-term response to KTE-X19, patient

and product characteristics were evaluated by response status at 24 mo post infusion in ZUMA-Z.

{0267] Methods: Key ZUMA-2 Eligibility Criteria include: Adults (>18 years) with R/R
MCE who had recetved 1-5 prior regimens including anthracycline- or bendamustine-containing
chemotherapy, anti-CD20 monoclonal antibody, and a BTED and onderwent leukapheresis and
conditioning chemotherapy followed by a single infusion of brexu-cel {2x10° anti-CDIY CAR T
celis/kg). The primary cndpoint is ORR (Objective Response Rate) which refers to (Complete
Response (CR) + Partial Response (PR); independent radiology review conunittee (JRRC)
assessed per the Lugano classification. Key secondary endpoints inchide duration of response
{(BOR), progression-free survival (PFS), overall survival (O8) and adverse events {AE). Post hoc
assessroents of patient, discase, pharmacokinetic, and product characteristics are reported by
response statas at 24 oo {ongoing vs relapsed). Baseline patient and disease characteristics,
subsequent therapies, product characteristics, and pharmacologic outcomes were assessed by
response status at 24 months after brexu-cel infusion: ongoing responders: patients with ongoing
response at thetr 24-roonth assessment; relapsed responders: patients with response who relapsed
prior to their 24-month assessment; non-responders: patients with no response. DOR was assessed
in ongoing responders and relapsed responders. Statistical analyses: time-to-cvent endpoints were

analyzed using the Kaplan-Meier method; all subgroup analyses were descriptive.

[0268] Results: At a median follow-up of 35.6 mo (range, 25.9-56.3), 74 paticnts were

enrolled and leukapheresed, and 68 patients received brexu-cel (Figare 2).

Table 1. Baseline Patient and Disease Characteristics by Response Status at 24 Months

Median age (range), years 65 63 (38-75) 66.5
(50-79) (60-74)
Male, n {%) 26 (90 24 (80 5 {83)
BLOG PS of 8, 1 {%) 23 {79) 17(57) 3{50)
Intermediate or high sMIPL B (%) 19 (66) 15 (30) 4 {67}
Ki-67 PI>30%., 0 (%) 19 (G&) 18 (60 4 (67)
Median no. of prior therapies, n 325 3(2-5) 3 (1-5)
{range}
Prior platinam, 8 (%) 310 12 (40) 0
Prior anthracycline, n (%} 22 (76) 22 (73 4 {67)
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Prior bendamustine, n (%) 13 (45) 16 (53) 6 (100)
Prior lenalidomide, n (%) 7246 10 (33) 2(33)
Prior proteasome inhibitor, n (%) 124D HEEN) 17
Prior autelogous SCT, n (%) 14 (48) 1137 2{33)
Prior BTKi therapy, n (%) 20 {100) 30 (100) G (1003
fbrutinib 27 (93) 24 {80y 4 (673
Acalabrutinib 3 {28) G (20) 2 (3%
Both 621 4 4]
Relapsed or refractory disease, n (%
Relapse afier antologous SCT 14 (48) 11(37) 233
Refractory to last MCL therapy 18 (34) 13 (43) 3{56)
Relapse after last MCL therapy 57 6 (20) 1(17)
1% positive IHC by central lab, 22 (76) 20 (67) 350
1%}
Tumer burden (SPD) by central read (mm2)
i 28 28 4
Median (range) 9353 4233.6 5534
{260-61 {386-14390) {293-16878
33) )
Positive bome marrow assessment 16 (55} 16 (53) 5 (83}
at baseline, 8 (%)
Flevated LDH levels (ULNto >1.5 13 (45) 11037 2 (3%
ULNY, n (%)
Received bridging thevapy, n(%)a 621 16 (63 3(50)
* Bridging therapy was received after lenkapheresis and prior to conditioning chemotherapy in

ZUMA-2. A smaller proportion of ongoing responders compared with relapsed responders
received bridging therapy and had Eastern Cooperative Oncology Group performance status
{(ECOG PS) scores of 1, with the median tumor burden {sum of the products of diameters) at
hascline being ~4 times smaller in ongoing responders compared with relapsed responders
{Table 1). The median number of prior therapies was 3 in both subgroups with a smaller
proportion of ongoing responders compared with relapsed responders receiving prior platinum

therapy (Table 1).
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Table 2. Last Prior Therapies by Response Status at 24 Months
Ongoing Relapsed Non-
Responders Responders | responders
(1=29) (n=36) {(n=0)
Last prior therapy, n (%)
Acalabrutinib 4 (14 4 (13 (47
Bendamustine 2{T) 30 1IX¢N))
Cisplatin 0 1(3 0
Cyclophosphamide 0 1(3) O
Cytarabine 0 1(3) Y
Gemcitabine 1{3 0 0
ibrutinib 19 (66} 13(43) 233
Lenalidomide 1{3) 4 (13) (17
Protein kinase inhibitors 13 0 s
Rituximab 1{3) 1{3 147
Venetoclax 0 2 {7y 0
Median (range) time from $63.0(26-748) 64.5 136(29-642)
iast prior therapy to (22-443)
brexu-cel infusion (days)

Tbrutinib was more commonly the last prior therapy in ongoing responders versus relapsed

responders while a similar proportion received acalabrutinib as their ast prior therapy (Table 2).

Median time from last prior therapy to brexu-cel infusion was similar among ongoing and

relapsed responders but was more than twice as long in non-responders, though the small sarople

size may have contributed to this difference.

62 pts had achieved a CR or partial response; 3 did not reach the 24-mo assessment visit and

wetre excluded from this analysis. Of the 52 evaluable pts with respouse, 29 (47%) had ongoing

responses at 24 mo (ongoing responders). and 30 (48%) had relapsed prior to 24 mo (relapsed

responders). 6 patients did not respond (non-responders). At baseline, the median age was 65

years and median number of prior therapies was 3 in both subgroups. Among ongoing vs

relapsed responders, 66% vs 43% had ibrutinib and 14% vs 13% bad acalabrutinib as last prior

therapy, with a median (range) time from last prior therapy of 63 (26-748) vs 64.5 mo (22-443).

Compared with relapsed responders, a smaller proportion of ongoing responders received

bridging therapy {(53% vs 21%, respectively) and prior platinuin therapy (40% vs 10%); while

a0

sirpilar proportions received prior bendamustine therapy (53% vs 45%), prior proteosome

inthibitor therapy (37% and 41%), and prior autologous stem cell transplant (37% vs 48%).
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{0269] At baseline, a greater proportion of ongoing responders had an HCOG score of O
compared to relapsed responders (79% vs 57%, respectively), and the median (range) tumor
burden (SP1) was 935.1 (260-6133) in ongoing respounders and 4233.6 (386-14390) in relapsed
responders. The incidence of high-risk features was similar between ongoing responders and
relapsed responders, with 66% and 60% having a baseline Ki-67 proliferation index score of
230%, 10% and 10% baving TPS3 mutations, 45% and 37% baving elevated lactose
dehydrogenase levels GULN to <1.5 ULN), and 10% and 13% bhaving high-risk Simplified

Mantle Cell Lymphoma International Prognostic Index scores (>6), respectively.

Table 3. Buration of Response (DOR) using Central Read per Cheson 20814 (Cohort 1: KTE-
X19) (miTT Analysis Set: Subjects with Complete Response)

Responders Responders
on/after Relapsed hefore
Month 24 Visit Month 24 Visit Overall
(N = 28) (N = 15) (N =43)
DOR?
Subjects with a complete response 24 i5 43
Event, n (%) 5(18) 12 (80 17 (40)
Censored, n (%) 23 (82 3020 26 {(60)

KM median (95% CI) DOR time
{months)

NR (46.7, NE) 8.3 (5.0, 13.6) 46.7(24.4, NE)

Min, max DOR (months) 20.5%, 530" 0.0% 174 0.0%, 53.0°
Type of event

Disease progression, n (%) 24{N 12 (80 14 (33)

Death, n (%) 3L G 3(7y
{Censoring reason

Response ongoing, n {%) 22 (79) {0 22{51)

SCT, v (%) 0 23 25

Started non-SCT new anticancer 1{(4) N 2{5

therapy, n (%)

Fvent-free rate (% [95% Ci}) by KM
estimation at

3 months

6 months

@ months

12 months

100 (100, 100y 100 (100, 100) 100 (100, 100)

100 (100, 100) 75.0 (40.8, 91.2) 92.5 (78.5, 97.5)
100 (100, 100) 33.3 (10.3, 58.8) 80.0 (64.0, 89.5)
100 (100, 100)  25.0 (6.0, 50.5) 77.5 (61.2, 87.6)

15 months

106 (100, 100

8.3 (0.5.31.1)

72.5(55.9,83.7)

18 months 100 (100, 100y 0.0 (NE, NE) 70.0(53.3,81.7)
21 months 100 (100, 100) 0.0 (NE, NE) 70.0 (53.3, 81.7)
24 months 100 (100, 100y 0.0 (NE,NE) 70.0(53.3.8L.7)
27 months 90.0 (65.6,97.4) 0.0 (NE.NE) 63.0(45.2, 76.4)
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Responders Responders
on/after Relapsed hefore
Month 24 Visit Month 24 Visit Overall
(N =28) (N=15) (N=43)
30 months 50.0(65.6,974) 0.0 (NE,NE) 63.0(45.2,76.4)
33 months 90.0(65.6,97.4) 00 (NE,NE) 63.0345.2,76.4)
36 months 90.0 (65.6,974) 0.0 (NE, NE) 63.0(45.2,76.4)
39 months 81.8(52.0,94.0) OO(NE,NE) 573(37.7.72.7)
42 months 81.8(52.0,94.0) OO (NE,NEY 5733777270
45 months 81.8(52.0,94.0) OO0 (NE,NE) 57.3{37.7,72.7%
48 months 51.1 (145,782 G.0(NE,NE) 358(12.1,60.6)
51 mounths 51.1(14.5,79.2) O.0(NE, NE)Y 358 (12.1, 60.6)

Median (95% CI) follow-up time 30.2 (26.8,44.9) NE{1.9, NE) 208(23.2,448)
(months) for DOR (reverse KM
approach)

Abbreviations: Cl, confidence interval; DOR, daration of response; KM, Kaplan-Meier;
ml 1T, modified intent-to-treat; NE, not estimable; NR, not reached; SCT, stem cell
transplant; '+ indicates censored record.

Note: Percentages are based on the nuraber of subjects treated with KTE-X192 and had
an complete response.

2. DOR is defined as the time from the first objective response to disease progression or
death prior to new anti-cancer therapy (including SCT).

Median Follow-up Time for DOR is estimated using reverse KM approach.

3 subjects who rernain responses prior to DCO and had the last available assessment
before Mouth 24 visit are excluded from this table,

{6276] The median (range) DOR in ongoing responders with CR (n=28) was not reached
{46.7-not estirpable) and was 8.3 mo (5-13.6) in relapsed responders with CR (n=15, Table 3).
The median time to initial response for ongoing versus relapsed responders was 1 month (vange,
0.9-3.1; n=29) vs 1 month (range, .8-1.7; n=30). The median time to complete response for
ongoing versus relapsed responders was 3 months (range, 0.9-35.1; n=28) vs 3 months (range,
0.8-9.60; n=15). Median time for conversion from SD or PR to CR for ongoing versus relapsed

responders was 2.3 months (range, 1.8-34.1; n=16} vs 2.4 months (range, 2.0-8.1; n=8).

{6271} The median (95% C1) DOR in ongoing responders with CR who had bigh baseline

LDH levels (n=12) was 47.1 months (24.8-not estimable) and was 8.3 months (4.7-NE) in relapsed

responders with CR who bad high baseline LDH levels (n=5).
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Buration of Response {BOR) using Central Read per Cheson 2014 (Cobort 1:

KTE-X19) (miTT Analysis Set: Subjects with Complete Response and High Baseline LDH

Level)
Responders Responders
on/after Relapsed before
Month 24 Visit Month 24 Visit Overall
(N=12) (N=35) (N=17)
DOR®
Subjects with a complete response i2 5 17
Event, n (%) 3(25) 3 {60} 6 (35)
Censored, n (%) 9 (75 240 11 (65)
KM median (23% CH DOR time 47.1 (248, NEY 83 (4.7, NEy 471 (344 NE)
(months)
Min, max DOR (months) 20.5%, 47 8% 0.07, 144 0.0%, 47.¢*
Type of event
Disease progression, n (%) 27 3 {60y 5 (29)
Death, 1 (%) 1{&) 0 (0 1(6)
Censoring reason
Response ongoing, 1 {%) & (67 0 847
SCT, n (%) Ry 120} 146}
Started non-SCT new anticancer 1(8) 1(20) 2(12)

therapy., n (%)

Hvent-free rate (% [95% CI]) by KM
estimation at
3 months
6 months
4 months
12 months
15 months
18 months
21 months
24 months
27 months
20 months
33 months
36 months
38 months
42 months

100 (100, 100)
100 (100, 100)
100 (100, 100)
106 (100, 100)
100 (100, 100)
100 (100, 100)
100 (100, 100)
160 (100, 100)
87.5 (387, 98.1)
87.5 (38.7, 98.1)
B7.5 (38.7, 98.1)
87.5 (38.7, 98.1)
65.6 (15.7, 90.9)
65.6 (15.7,90.9)
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100 (100, 100)
66.7 (5.4,94.5)
33.3¢0.9, 77.4)
333 (0.9, 77.4)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE. NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)

100 (100, 100)
93.3(61.3, 99.0)
86.7 (56.4, 96.5)
86.7 (56.4, 96.5)
80.0 (50.0, 93.1)
80.0 (50.0, 93.1)
RO.0 (50.0, 93.1)
$0.0 (50.0, 93.1)
70.0(37.2, 87.9)
70.0 (37.2, 87.9)
70.0(37.2, 87.9)
70.0 (37.2, 87.9)
52.5 (16.0, 79.7)
52.5 (16.0,79.7)
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Responders Responders
on/after Relapsed hefore
Month 24 Visit Month 24 Visit Overall
(N =12} (N=35) (N=17)
45 months 65.6(15.7,90.8y 0.0 (NE,NE) 52.5(16.0,75.7)

Median (95% CI) follow-up time

(months)

for DOR (reverse KM approach)  28.0 (22.8, NEy NE{(D.0,NE) 28.0(22.5,47.2)
Abbreviations: i, confidence interval; DOR, duration of response; KM, Kaplan-Meier;
1LDH, factose dehyvdrogenase; miTT, medified intent-to-treat; NE, not estimable; NR,
not reached; SCT, stem cell transplant; '+ indicates censored record.

MNote: Percentages are based on the number of subjects treated with KTE-X19 and had a
complete response and baseline LDH level »>= ULN.

a. DOR is defined as the time from the first objective response to disease progression ot
death prior to new anti-cancer therapy (including SCT).

Median Follow-up Time for DOR is estimated using reverse KM approach.

3 subjects who remain responses prior to DCO and had the fast available assessment
before Month 24 visit are excluded from this table.

Table 5. Duration of Response (DOR) using Central Read per Cheson 20614 (Cohort 1: KTE-
X19) miITT Analysis Set: Subjects with Ubjective Response and High Baseline LDH Level)

Responders Responders
on/after Relapsed before
Month 24 Visit Month 24 Visit Overall
(N=13) N=1D (N =24)
DOR?
Subjects with an objective 13 i1 24
reSponse
Event, n (%) 4 (3L 9 ({82 13 (54)
Censored, n (% 9 {69) 2{1&) 11 {46)
KM median (5% CI) DOR time  47.1 248, NE} 3.6(1.0, 13.5) 282(83,47.h)
(months)
Min, max BOR (months) 20.5%,47.8° 0.0, 14.4 0.0, 47.8"
Type of event
Disecase progression, n (%) 3(23) 8 {73) 11 {46)
Death, n (%) 1 (&) 1{% 2{&)
Censoring reason
Response ongoing, n (%) 8 (62) 0 8 (33)
SCT, n (%) 0 19 1{4)
Started non-SCT new anticancer 1 (%) 1(9) 2(&)
therapy, n (%)
Event-free rate (% [95% C1I]) by KM
estimation at
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Responders Responders
on/after Relapsed hefore
Month 24 Visit Month 24 Visit Overall
(N=13) N=11 (N =24)

3 months

6 months

9 months

12 months
15 months
18 months
21 months
24 months
27 months
30 months
33 months
36 months

100 (100, 100)
100 (100, 100)
100 (100, 100)
100 (100, 100)
100 (100, 100)
100 (100, 100)
100 (100, 100)
106 (100, 100)

88.9 (43.3, 98.4)

74.1(28.9, 93.0)

74.1 (28.9, 93.0)

74.1 (28.9, 93.0)

60.0 (25.3, 82.7) 82.6 (60.1, 93.1)

36.0 (9.0, 64.8)

240 (3.8, 537

24.0 3.8, 53.7)
0.0 (NE, NE)
0.0 (NE. NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)
0.0 (NE, NE)

73.4(50.1, 87.1)
65.8 (45.5, 83.8)
68.8 (45.5, 83.8)
59.7 (36.7, 76.65)
59.7 (36.7, 76.6)
59.7 (36.7, 76.6)
59.7 (36.7. 76.6)
$3.0(29.6,71.8)
44.2 (20.3, 65.8)
44.2 (20.3, 65.8)
44.2 (203, 65.8)

39 months 55.6(14.1,83.8) OO0 (NE,NE) 33.1{10.5, 58.2)
42 months 55.6(14.1,83.8) OO0 (NE,NE} 33.1(10.5,582)
45 months 55.6(14.1,83.8) 0.0 (NE,NE) 33.1{10.5 58.2)
Median (95% CI) follow-up tine
(months)
for DOR (reverse KM approach) 302 (3.1, NEY NE{O.9, NE) 28.0(22.3, NE}

Abbreviations: C, confidence interval; DOR, duration of response; KM, Kaplan-Meier;
1.DH, factose dehydrogenase; miITT, modified intent-to-treat; NE, not estimable; NR,
not reached; SCT, stem cell transplant; '+ indicates censored record.

Note: Percentages are based on the number of subjects treated with KTE-X19 and had
an objective response and baseline LDH level »= ULN.

a. DOR is defined as the time from the first objective response to disease progression or
death prior to new anti-cancer therapy (including SCT).

Median Follow-up Time for DOR is estimated using reverse KM approach.

3 subjects who rernain responses prior to DTG and had the last available assessment
before Month 24 visit are excluded from this table.

Table &: Subseguent Therapies by Response Status at 24 Months

WHO-DD Preferred Name, 1(%) Ongoing Relapsed Non-responders
Responders Responders | (n=6)
{n=29) {(n=30}
Patients  who  had  subsequent | 1 (3) 20 (67) 3 (50)
anficancer thecapy®
Acalabrutingb 13 2{7 17
Bortezomib 0 4{13) 17
Cytarabine 310 {7
Thrutinib 0 SN 17
Lenalidomide 0 & (20 117
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Obinutuzumab 0 2{7) 17
Radioctherapy 1(3) 7{23) 17
Rituximab O T{23) 17
Venetoclax 1(3) G (20) 17
Bendamustine 0 2(7 0
Cyclophosphbarnide O ST 0
Dexamethasons 0 723 0
Fludarabine 0 310 0
Fludarabine phosphate O 2(7) 0
Melphalan & 300

Methotrexate & 30 &

Of the relapsed responders, 67% had received subsequent anticancer therapy by data cutoff, the
most common of which were radiotherapy (23%), dexamethasone (23%), rituximab {23%),
venetoclax (20%), and lenalidomide (20%; patients could have received multiple subsequent

therapies and multiple lines of subsequent therapy).
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Median {range] peak (102.4 [0.3-2241.6] vs 59.9 [1.6-2589.5}) and area under the curve {1487
[3.8-.0002] vs 688.2 [19-.00037) CAR T-cell levels were ~2x higher in ongoing responders than
in refapsed responders, respectively (Table 7). A modest increase in the median {range] fotal
number of infused CCR7+ cells was observed in ongoing vs relapsed responders (119.8 [37-249.9]
vs 89.1 {6.1-353.4]), suggesting a need for further investigation into the role of continuous

memory T-cell differentiation in achieving durable responses.

Table 8 Summary of Product Characteristics by Response Status at 24 Months

Median (range) Ongoing Relapsed Non-responders
Responders Responders | (=6}
{n=29) {(n=30)

CD4/CD8 Ratio 0.86 8.62 0.4 (0.3-0.7)
(0.27-2.06) {0.04-3.73)

Total Number of CCR7+ T Celis | 1198 89.1 88.2 (39.9-150.3)

fnfused (109 (37.0-249.9) {6.1-353.4)

Product characteristics were largely similar among ongoing and relapsed responders with a modest
increase in the median total mumber of infused CCRT+ T cells observed in ongoing vs relapsed

responders (Table §)

Table 8A: Peripheral Blood T Cell Phenotype at Day 7 by Response Statos - CD8+CD27-
CB28+, Ongoing (=21}, Other (p=32}

Other 28.5056
Cither 245782
Oither 24.1402
Other 17.7935
Other 16.7257
Other 15.7765
Other 127187
Other 11.6975
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Other 10.6953
Other 9.122¢
Other 6.4493
Other 6.3839
Other 59232
Other 3.6394
Other 5.1281
Other 4.7302
Other 4.7175
Other 4.5996
Other 3.8083
Other 3.5688
Other 3.1562
Other 3.1228
Other 22857
Other 2.2243
Other 1.8468
Other 1.6059
Other 1.5957
Other 14278
Other 1.4203
Other 1.1425
Other 1.071
Other 0.2534
Ougoing 11,4851
Ongoing 6.2941
Ongoing 3.1126
Ongoing 4.7631
Ongoing 3.7548
Ougoing 3.6998
Ongoing 2.5356
Ongoing 2.2803
Ongoing 2.222
Ongoing 2.1331
Ongoing 1.8719
Ongoing 1.6867
Ongoing 1.5396
Ongoing 1.435
Ongoing 0.9271
Ongoing (.8997
Ongoing 0.8733
Ongoing 0.8318
Ongoing 0.5898
Ongoing 0.5654
Ongoing 0.434

i
1
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Table 9B: Peripheral Blood T Cell Phenotype at Bay 7 by Response Status - CBE+ CCR7-
CD45RA+ CD27- CD28+, Ongoing (n=21), Other (n=32)

Other 16.9166
Other 38.5378
Other 15.8358
Other 143717
Other 19.5668
Other 15.2561
Other 9.6467
Other 4.4728
Other 9.5349
Other 7.5791
Other 2.984
Other 17.39%
Other 5.4453
Other 4.444
Other 4.2978
Other 1.5838
Other 3.3624
Other 1.6179
Other 3.5814
Other 34151
Other 1.9248
Other 1.3394
Other 2.6589
Other 1.8797
Other 24221

Other 17704
Cther [y
Other {1.7648
Other 2.0531
Other 1.2586
Other 0.5508
Other 0.1751
Ongoing 8.5693
Ongoing 11.1365
Ongoing 5.6489
Ongoing 1.2954
Ongoing 28111
Ongoing 2.1458
Ongoing 1.516
Ongoing 0.9417
Ongoing 3.1841
Ougoing 1.6962
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Ongoing 4.5143
Ongoing 1.0812
Ongoing 1.1472
Ongoing 0.752
Ongoing 0.6708
Ougoing 0.979
Ongoing 1.534
Ongoing (.3712
Ongoing 0.7025
Ongoing 0.5762
Ongoing 0.3295

Table 9C: Peripheral Blood T Cell Phenotype at Day 7 by Response Status - CDds+ CD27+
CB28-, Omgoing (n=21}, (ther (n=32)

Other (.1844
Other .1336
Other (0.2542
Other 0.058
Other (0.2284
Other 0.136
Other (.08034
Other 3.0815
Other 0.1872
Other {0.3955
Other 0.5679
Other 1.7191
Other 3.7187
Other 4.0962
Other (.3447
Other 1.0355
Other 0.77

Other (.3681
Other 0.2859
Other 1.13
Other 2.57
Other 4.3683
Other 7.8571
Other 2.0031
Other 4.578
Other (.7202
Other 1.1834
Cther 6.1969
Other {(.939¢
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Other 0.7878
Other 1.0253
Other 7.4889
Ongoing 0.2875
Ongoing 1.6149
Ougoing 0.8739
Ongoing (.2078
Ongoing 1.8134
Ongoing 4.1463
Ongoing 1.7847
Ongoing 7.1879
Ongoing 0.2874
Ongoing 1.5569
Ougoing 5.8214
Ongoing $0.7803
Ongoing 1.405
Ongoing 1.0225
Ongoing 3.2091
Ongoing (.5165
Ongoing 13123
Ongoing 7.7951
Ougoing 4.2367
Ongoing 31.7742
Ongoing 11.5187

Table 95D: Peripheral Blood T Cell Phenotype at Day 7 by Respomse Status -
CO8+CCRT+CD4SRA-PD1+, Ongoing (n=21), Other (n=32)

Cther 403.519
Other 86.8642
Other 15.38446
Other 33.913
Other 37.0812
Other {
Other 52.0876
Other $9.2857
Cther 36.5508
Other 34.393%
Other §67.2566
Other 74.1488
Other 38.6207
Other 37.5898
Other 75.2577
Other 38.8942
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Other 43.5054
Other 36.7063
Other 37.4563
Other 60.7277
Other 71.2644
Other 69.0875
Other 84.1758
Other 78.4314
Other 30.303
Other S0
Other §3.3333
Other 51.0013
Other 77.1242
Other 222222
Other 45.7364
Other 46.8208
Ongoing 56.1453
Ongoing 644254
Ongoing 32.973
Ongoing 191617
Ongoing 57.5758
Ougoing 37.3354
Ongoing 54.6326
Ongoing 56.2423
Ougoing 86.911
Ongoing 53.5714
Ongoing 93.3032
Ongoing 61.2691
Ongoing 92.8571
Ougoing 54.5455
Ongoing 803226
Ongoing 95.2854
Ongoing 574132
Ongoing 58.0357
Ongoing 44.7826
Ongoing 83.2041
Ongoing 87.5

Peripheral Blood T cells of relapsed and non-responding patients exhibit a more prominent
CD8+CD27-CD28+ effector memory phenotype compared to patients with ongoing response.
Ongoing responders are enviched with peripheral CD4 T cells that maintain juvenile CD27+

expression and activated CDS effector memory T cells.
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{8272] After ~3-years median follow-up, brexu-cel continues to demonstrate durable
responses with 47% of responders still in ongoing response at 24 mo post infusion. Ongoing
responses were observed in paticnts with high-tisk discase characteristics suggesting that
brexu-cel has the potential to produce durable responses in patients with R/R MCL who would
typically have a poor prognosis. jbrutinib was more commonly the ast prior therapy in ongoing
versus telapsed responders. In sunumnary, ongoing responders had lower BCOG PS scores and
lower wimor burden, as well as less frequent use of prior platinum therapy or bridging therapy and
less intense regimens for previous relapses compared with relapsed responders, suggesting the
potential for greater benefit with brexu-cel if given in earlier course of disease. Median peak and
AUC CAR T-cell levels were ~2x higher in ongoing responders than in relapsed responders,
suggesting that the degree of CAR T-cell expansion may predict durability of response. A modest
increase in the median total number of infused CCR7+ cells and maintenance of CD27+ peripheral
T cells observed in ongoing vs relapsed responders may suggest a potential role of continuous

memory T-cell differentiation in achieving durable responses.

EXAMPLE 3
{6273] This exarple describes a phase 2, open-label, multicenter, basket study (ZUMA-
25y evaluating the safety and efficacy of Brexucabtagene Autoleucel in adulis with rare B-cell
malignancies, inchuding Waldenstrom Macroglobulinemia, Richter Transformation, Burkitt

Lymphoma, and Hairy Cell Leukemia.

{6274] The primmary objective of this study is to evaluate the efficacy of brexucabtagene
autoleucel! in four rare B-cell malignancies. This study uses a basket study design with separate,
indication-specific substudies, to investigate relapsed/refractory Waldenstrom macroglobulinemia
(rfvr ' WM), relapsedirefractory Richter tansformation (v RT), relapsed/refractory Burkitt

lymphoma (r/r BL), and relapsed/refractory hairy cell leukemia (¢/r HCL).

{0275] Suabstudy A: The primary objective of this substady is to evaluate the efficacy of
hrexucabtagene autoleucel in participants with ©/r WM by determining the combined rate of
complete response (CR) and very good partial response (VGPR) by central assessrent.
Participants received fludarabine 30 mg/m*2/day and cyclophosphamide 500 mg/m~2/day
lymphodepletion chemotherapy for 3 consecutive days, from Day -5 to Day -3 followed by 2 rest
days (Day -2 and Day -1), followed by a single infusion of brexucabtagene autoleucel at target

dose of 2 x 1076 anti-CD19 chimeric antigen receptor (CAR) T cells/kg or 1 x 1076 ant-CDI9
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CAR T cells/kg or a flat dose of 2 x 10% or 1 x 10°, respectively, anti-CD19 CAR T celis in subjects
> 106 kg.

{0276] Substudy B: The primary objective of this substudy is to evaluate the efficacy of
brexucabtagene autoleucel on diffuse large B-cell ymphoma-Richter transformation (DLBCL-
RT) in participants with v/r RT, by deterrining the objective response rate {ORR) by central
assessment.  Participants received fludarabine 30 mg/m”2/day and cyclophosphamide 500
mg/m™2/day tymphodepletion chemotherapy for 3 consecutive days, from Day -5 to Day -3
followed by 2 rest days (Day -2 and Day -1), followed by a single infusion of brexucabtagene
autoleucel at target dose of 2x1076 anti-CD19 CAR T cells/kg or 1 = 1026 anti-CDI9 CAR T
cells/kg or a flat dose of 2 x 10° ar 1 x 10%, respectively, anti-CDI9 CAR T cells in subjects > 100
ke.

{6277} Substudy C: The primary objective of this substudy is to evaluate the efficacy of
brexucabtagene autolencel in participants with r/v BL, by determining the ORR by central
assessment. Participants received fludarabine 30 mg/m*2/day and cyclophosphamide 500
mg/m 2/day lymphedepletion chemotherapy for 3 consecutive days, from Day -5 to Bay -3
followed by 2 vest days (Day -2 and Day -1), followed by a single infusion of brexucabtagene
autoleucel at a target dose of 2x10"6 anti-CD19 CAR T cells/kg or T x 1026 anti-CDIS CAR T
celis/kg or a flat dose of 2 x 10% or 1 x 10%, respectively, anti-CD19 CAR T cells in subjects > 100

kg.

{0278] Substudy D The primary objective of this substudy is to evaluate the efficacy of
brexucabtagene autoleucel in participants with v HCL by determining the ORR by central
assessment.  Participants recetved fludarabine 30 mg/m~2/day and cyclophosphamide 500
mg/m"2/day lymphodepletion chemotherapy for 3 consecutive days, from Day -5 to Day -3
followed by 2 rest days (Day -2 and Day -1), followed by a single infusion of brexucabtagene
autoleucel at 4 target dose of 2 x 1076 anti-CD 19 CAR T cells/kg or 1 x 1076 ani-CDI9 CAR T
cells/kg or a flat dose of 2 x 10% or 1 x 10%, respectively, anti-CD19 CAR T cells in subjects > 100
k

]

{6279] Certain inclusion criteria are comnon to all indications. 1) male or female 18 vears
of age or older at the time of signing the informed consent; 2) presence of toxicities due to prior
therapy must be stable and recovered to Grade 1 or lower (except for clinically nonsignificant
toxicities such as alopecia); 3) Eastern Cooperative Oncology Group (ECOG) performance status

of O or 1; 4) adequate bernatological function (unless lower values are attributable to underlying
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disease) as indicated by: absolute neutrophil count (ANC) = 500/uL, platelet count = 50,000/uL,
hemoglobin level > 8 g/dL; 5) absolute lymphocyte count > 180/ul; 6) adequate renal, hepatic,
pulreonary, and cardiac function defined as: creatinine clearance (as estirnated by Cockeroft-Gault
formuda) > 60 mi/min, serurn alanine aminotransferase and aspartate aminotransferase levels <
2.5 x upper imit of normal (LN} or <5 » ULN if documented liver involvement, total bilirabin
fevels £ 1.5 x ULN, except in subjects with Gilbert’s syndrome, cardiac ejection fraction > 50%
and no evidence of pericardial effusion as determined by an echocardiogram (BCHO) or
mudtigated acquisition scan (MUGA) and no clinically significant electrocardiogram (ECG)
findings, no clinically significant pleural effusion, Baseline oxygen saturation > 92% on room air;
7) the following washout periods must be satisfied prior to leukapheresis/envolbment:
corticostercid therapy at a pharmacologic dose (> § mg/day of prednisone or equivalent doses of
other corticosteroids) must be avoided for 7 days before leukapheresis, BTK inhibitors (e.g.,
ibrutinib or acalabrutinib), must be avoided at least 1 week or 5 half-lives, whichever is shorter,
before leukapheresis unless otherwise specified in the subprotocols, anti-neoplastic drugs used in
previous therapy must be avoided within 1 week or 5 half-lives (whichever is shorter) prior to
leukapheresis, systemic inhibitory/stiroulatory iramune checkpoint molecule therapy (e.g.,
ipilirnumab, nivolumab, pembrolizarnab, atezolizumab, OX40 agonists, 4-1BB agonists) must be
avoided at least 3 half-lives prior to leakapheresis, alemtuzumab must be avoided at least 6 months
prior to enroliment, PEG-asparaginase roust be avoided at least 3 weeks prior to enrollment,
cladribine and pentostatin must be avoided 3 months prior to enroliment, donor lymphocyte
infusion within 28 days prior to enwollment, any treatment with irnmumosuppressive antibody used
within 4 wecks prior to enrollment {e.g., anti-CD20, anti-tumor necrosis factor [TNF], anti-
interfeukin [FL.] 6 or anfi-1L6 receptor) unless this treatment is included in prior or bridging
regimens, in which case a washout period of 7 days is required prior to leukapheresis; and §)
female subjects of childbearing potental must have a negative serum or urine pregnancy test
{females who have undergone surgical sterilization or who have been postinenopausal for at feast

2 years are not considered to be of childbearing potential).

[0280] Certain exclusion criteria are conunon to all indications. 1) priov CAR therapy

~

OF
other genetically modified T-cell therapy; 2) prior treatmoent with any anti-CD19 therapy; 3)

history of severe immediate hypersensitivity reaction attributed to aminogliycosides; 4) history of

-~

severe tnmediate hypersensifivity reaction to cyclophospbaride or fludarabine; 5) presence or
saspicion of fungal, bacterial, viral, or other infection that is uncontrolled or requiring IV
antimicrobials for management. Simple urinary tract infection and uncomplicated bacterial

pharyngitis are permitted if responding to active treatment. Patients with a simple urinary tract
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infection and uncomplicated bactertal pharyngitis and responding to active treatment are eligible
ouly if the patient satisfics the criteria of being afebrile (i.e., temperatire lower than 38°C) for at
least 24 hours prior to the investigator confirming a patient’s eligibility; 6) HIV-positive patients,
unless taking appropriate anti-HIV medications, baving an undetectable viral load by quantitative
polymerase chain reaction (PCR) and a CD4 count > 200 cells/ull; 7} acute or chronic active
hepatitis B ot hepatitis C infection. Subjects with a history of hepatitis infection moust have cleared
their infection as determoined by standard serological and genetic testing per current Infectious
Disecases Society of America guidelings or applicable country guidelines; 8) presence of any
indwelling line or drain {e.g., percutancous nephrostomy tube, indwelling Foley catheter, biliary
drain, or pleural/peritoneal/pericardial catheter) dedicated central venous access catheters, such as
a Port-a-Cath or Hickman catheter, are permitted;, 9) history or presence of detectable
cerebrospinal fluid (CSF) malignant cells or brain metastases, unless otherwise specified in the
substudy eligibility criteria; 10) history or presence of central nervous system (CNS) disorder,
sach as cevebrovascular ischemia/bemorrhage, dementia, cerebellar disease, or any autoimmune
disease with CNS involvement, posterior reversible encephalopathy syndrome, or cerebral edema
with confirmed structural defects by appropriate imaging. History of stroke or transient ischemic
attack within 12 months before enrollment. Subjects with seizure disorders requiring active
anticonvulsive medication; 1) presence of cardiac atrial or cardiac ventricular lymphoma
involvement; 12) history of myocardial infarction, cardiac angioplasty or stenting, unstable
angina, or other clinically significant cardiac discase within 12 months before enrollment; 13)
requirement for urgent therapy due to tumor mass effects (e.g., blood vessel compression, bowel
obstruction, or transmural gastric involvement); 14) presence of primary immunodetficiency; 15)
bistory of avtoinunune disease (e.g., Crobn’s disease, rheumatoid arthritis, systemic lupus)
resulting in end organ injury or requiring systemic Ummunosuppression/systemic disease
modifying agents within the last 2 years; 16) history of deep vein thrombosis or pulmonary
embolism requiring therapeutic anticoagulation within 6 months before enroliment; 17) any
medical condition likely to interfere with assessment of safety or efficacy of study treatment; 18)
history of severe immediate hypersensitivity reaction to any of the agents used in this study; 19)
live vaccine < 6 weeks before the planned start of the lymphodepleting chemotherapy regimen
and anticipation of need for such a vaccine during the fust 12 months after brexucabtagene
infusion; 20) fernales who are pregnant or breastfeeding (because of the potentially dangerous
effects of the preparative chemotherapy on the fetus or infant). Females who have undergone
surgical sterilization or who have been postmenopausal tor at least 2 years are not considered to

be of childbearing potential; 21) not willing to practice birth control from the tme of consent
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through 6 months after brexucabtagene autoleucel infusion; and 22) in the investigator’s
judgment, the subject is unlikely to complete all study-specific visits or procedures, including

follow-up visits, or comply with the study requirements for participation.

{0281} Regarding Waldenstrom Macroglobulineroia, substudy specific inclusion criteria
include: clinicopathological diagnosis of Waldenstrom Macroglobulinemia; 22 previous
treatments for WM incl. a BTKi and chemotherapy with disease progression or no response;
requiring treatment as per guidelines; and measurabie discase (IgM level of >2 times the upper
limit of normal). Regarding Waldenstrorn Macroglobulinemia, substudy specific exchusion
eriterta inchude: allogeneic SCT; autologous SCT is allowed if 26 months have elapsed; and prior
history CNS involvement (Bing-Neel syndrome), unless brain MRI and CSF are without

pathology.

{6282] Regarding Richter Transformation, substudy specific inclusion criteria include:
confirmed diagnosis of CLL based upon 2018 TWCLL criteria, with histologically confirmed
Richter Transformation to a DLBCL subtype; at least | measurable site of disease based on 2014
Lugano Criteria; and R/R RT defined as 1 Primary refractory discase or relapsed after >1 lines of
chernotherapy. Regarding Richter Transformoation, substudy specific exclusion criteria include:
prior allogeneic or autologous SCT <« 3 months prior to sereening and/or < 4 months prior o
planned infusion of brexucabtagene autolencel; and presence of active graft-versus-host disease

following prior stero cell transplant.

{0283] Regarding Burkitt lymphoma/levkemia, substudy specific inclusion criteria
include: histologically confirmed mature B-cell NHL Burkitt lymphomalleukemia; R/R BL
defined as | primary refractory disease or relapsed after 21 lines of chemotherapy including an
anthracycline; and measurable disease by radiological criteria or isolated bone mamow
involvement,  Regarding Burkitt bymphoma/icukemia, substudy specific exclusion criteria
nclude: prior allogeneic SCT <3 months prior to screening, and patients with presence of active

graft-versus-host disease following prior allogeneic stem cell transplantation.

{6284] Regarding Hatry Cell Levkemia, substudy specific inclusion criteria inchude:
histologically confirmed Hairy Cell Leuvkemia; need for therapy based on: - neutrophils < 1.0 x
10%L, platelets < 100 x 10%L, bemoglobin < 11 g/dl, and symptomatic splenomegaly or
lymphadenopathy; and at least 2 prior systemic therapies, including at least a PNA and

moxennomab pasudotox if eligible and available.
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{0285] In certain aspects, bridging therapy may be administered after leukapheresis and
before lymphodepleting conditioning chemotherapy. In certain further aspects, bridging therapy

must be completed > 7 days or 5 half-lives before lymaphodepleting conditioning chemotherapy.

{0286] At a health care provider’s discretion, a subject with Richter transformation roay
receive a bridging therapy selected from the group consisting of Ritaximab, Cyclophosphamide,
Hydroxydaunorubicin hydrochloride, vincristine, and Prednisone {R-CHOP); Dose Adjusted
Etoposide, Prednisone, Vinecrstine, Cyclophosphamide, Doxorubicin, and Rituximab (DA-
HPOCH-R); Bruton Tyrosine Kinase inhibitor (BTKD) (BTK1) £ VTX-2337; dexamethasone; and
irradiation. Bridging therapy regimens for subjects with Richter transformation inchide those
outlined in Table 1. Doses listed are embodiments only and may be adjusted for age,

comorbidities, or per local or institutional guidelines.

Table 10, Bridging Therapy Regimens

Timing and Washout

Type Therapy Regimen Reguirements
R-CHOP Rituximab 375 mg/m* IV on Day 1

Cyclophosphamide 750 mg/m? IV on

Day 1

Doxorubicin 50 mg/m? IV on Day 1
Vincristine 1.4 mg/m? {maximum dose

2mg)iWonDay1l
May be administered after

el fnZ .
Prednisolone 40 mg/m? PO on Days 1 leukapheresis/enroliment

o> Last dose must be completed
R-ICE Rituximab 375 mg/m? IV on Day 1 at least 7 days or 5 haif-lives,

Hosfamide 5,000 mg/m?/3 IV on Days 2 | whichever is shorter, before

tod the start of iymphodepleting

Carboplatin (mg dose = 5 x AUC) iV on | chemotherapy

Day 2

Ftoposide 100 mg/m? Won Days 2o 4

R-GEMOX Rituximab 375 mg/m? IV on Day 1
Gemcitabine 1,000 mg/m? IV on Day 2

Oxaliplatin 100 mg/m? W on Day 2

- 120 -
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DA-EPOCH-R Ftoposide 50 mg/m?/day IV on Days 1
to 4
Doxorubicin 10 mg/m¥/day IV on Days 1
to 4
Vincristine 0.4 mg/m?/day IV on Days 1
to 4
Cyclophosphamide 750 mg/m?/day IV
onDay b

Prednisone 60 mg/m%/BID PG on Days 1
to s

Rituxirmab 375 mg/m’ IV on Day 1

BTK inhibitor BT inhibitor as per local guidelines

Venetociax + Venetoclax as per local guidelines

Dexamethasone 40 mg daily for 4 days

irradiation As per local guidelines May be administered after

feukapheresis/enrollment

Last irradiation dose must be
completed at least 7 days
before the start of
tymphodepleting
chemuotherapy

Abbreviations: AUC, area under carve; BID, twice a day; BTK, Bruton’s tyrosine kinase; DA-
HPOCH-R, dose-adjusted etoposide, preduisone, vineristine, cyclophosphamide, doxorubicin,
and rituximab; IV, intravenous; PO, oral; R-CHOP, rituximab with cyclophospharaide,
doxorubicin, vincristine, and preduisolone; R-GEMOX, rituximab, gemcitabine, and oxaliplatin;
R-ICE, rituximab, ifosfamide, carboplatin, and ctoposide

{0287] At a health care provider’s discretion, a subject with Burkitt Lymphoma may
receive a bridging therapy selected from the group consisting of Rituximab, Hosfamide,
Carboplatin, and Etoposide (R-ICE); Dose Adjusted Etoposide, Predpisone, Vincristine,
Cyclophosphamide, Doxorubicin, and Rituximab (DA-EPOCH-R); Rituxuunab, Gemcitabine, and
Oxaliplatin (R-GEMOX); cyclophosphamide, vincristine sulfate, doxorubicin hydrochioride, and

dexamethasone (HyperCYAD),; dexamethasone; and irradiation.

{0288] Bridging therapy regimens for subjects with Burkitt Lymphoma include those
outlined in Table 11. Doses listed are crobodiments only and may be adjusted for age,

comorbidities, or per local or institutional guidelines.
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Table 11. Bridging Therapy Regimens

Timing and Washout

Type Therapy Regimen Requirements
R-ICE Rituximab 375 mg/m? IV on Day 1
} Hosfamide 5,000 mg/m? IV on Day 4

Carboplatin area under the curve 5,
dose = 5 x (25 + CrCl), capped at
800 mg, IV on Day 4

Etoposide 100 mg/m*day IV on
Days 3t 5

DA-EPCCH-R Ftoposide 50 mg/m*/day IV on
Days 1to 4

Doxorubicin 10 mg/m*/day IV on
Days 1to 4

Vineristine 0.4 mg/m*/day IV on o )
Days 1 to 4 May be adnunistered after

leukapheresis/envoliment

Cyclophosphamide 750 mg/m%/day

IV on Dav § Last dose must be completed
' i at least 7 days or 3 half-lives,
Prednisone 60 mg/m*/BID PO on whichever is shotter, before
Days 110 5 the start of lvrmophodepleting
chemotherapy

Rituximab 375 mg/n® IV on Day 1

R-GEMOX Rituxirnab 375 mgfro® IV on Days |
and 15 Gemcitahine 1,000 mg/m” IV
on Day 1

Oxaliplatin 100 mg/m? TV on Day 1

Hyper-CVAD Hyperfractionated cyclophosphamide
300 mg/m” 1V every 12 hours for

& doses on Days 1 o 3, with sodium
mercaptocthanesulfonate 600 mg/m?
daily via continuous infusion on
Days 1103

Vincristine 2 mg {V on Days 4 and
i1
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Doxorubicin 50 mg/m” TV aver
24 hours on Day 4

Dexamethasone 40 mg PO or IV
daily on Days 1 to 4 and Days 11 to

14
Dexamethasone 40 mg daily for 4 days
frradiation As per local guidelines May be administered after

feukapheresis/enrollment

Last irradiation dose moust be
completed at least 7 days
betore the start of
iymphodepleting
chemotherapy

Abbreviations: BID, twice a day; CrClL creatinine clearance; DA-EPOCH-R, dose-adjusted
ctoposide, prednisone, vincristine, cyclophospbamide, doxorubicin, and rituxiroab;
byper-CVAD, hyperfractionated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone; IV, intravenous; PO, oral; R-GEMOX, rituximab with gemcitabine and
oxaliplatin; R-ICE, rituximab with ifosfamide, carboplatin, and ctoposide.

{62851 At a health care provider’s discretion, & subject with Waldenstrom

Macroglobulinemia may receive a bridging therapy which is thrutinib.

EXAMPLE 4

{62901 Brexucabtagene autoleucel (brexu-cel) is an autologous anti-CD19 chimeric
antigen receptor (CAR) T-cell therapy approved for relapsed/refractory mauntle cell iymphoma
{R/R MCL). After 3 years of follow-up in the pivotal Phase 2 ZUMA-2Z study. 91% of patients
with MCL progressing on BTK inhibitors responded to brexu-cel therapy with a median duration
of response (DOR) of 28.2 months. This example presents data assessing patient, product, and PX
characteristics in ZUMA-2 in ongoing responders (patients in response at the 24-month
assessment), relapsed responders {patients who initially responded, but relapsed prior to the 24-

month assessment), and nonresponders.

{0291] At the median follow-up of 35.6-months, 68 patients received brexu-cel with 91%
of patients (=62} achieving a response (CR or PR} and 9% of patients (n=6) with no response.
Of the responders, 29 had an ongoing response at their 24-moonth assessment (28 CR and 1 PR)
(15 CR and 14 PR). Ongoing responders had lower bascline median tamor burden (sum of product

diameters, 935 vs. 4861 mun®) and a higher frequency of Eastern Cooperative Uncology Group
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{ECOG) performance status 0 (79% vs. 59%) compared with relapsed responders. A smaller
proportion of ongoing responders received prior platinum therapy (10% vs. 41%) or bridging

therapy (21% vs. 52%) comnpared to relapsed responders.

{62921 Median DOR was 47.1 months (85% i, 36.5 months-not estimable) and 5.0
months (95% CI, 2.2-8.3) in ongoing and relapsed responders, respectively. Medians for DOR
were simnilar for patients with high baseline lactate dehydrogenase vs patients with low basehine

LDH, regardiess or response stafus.

{0293] Medians for peak and arca under the curve CAR T-cell expansion were about twice
as large in ongoing responders vs relapsed responders. Product characteristics were largely similar
among ongoing and relapsed responders with a modest increase in the median total number of

naive-like infused chemokine receptor 7 (CCR7)-positive T cells observed in ongoing vs relapsed

responders.

{6284] In summary, ongoing responders had lower tomor burden, less use of prior
platinum and bridging therapies and higher CAR T-cell expansion, suggesting that patients with
lower overall discase burden or less prior chemotherapy may have a greater likelihood for durable
response with brexo-cel. However, ongoing responses were also observed in patients with

high-risk disease characteristics.

INTRODUCTION

{0295] Although Bruton tyrosine kinase (BTK) inhibition provided a paradigm shift in
mantle cell lymphoma (ML) therapy, these agents have not proven to be curative. In patienis
with relapsedfrefractory (R/R) MCL weated with BTK inhibitors, median progression-free
sarvival {PFS) values in the range of 13-33 months have been reported and discontinuation of
therapy due to progression ot intolerance is coromon. The clinical benefits of BTK inbibitors in
patients with high-risk feanwes including first progression within 24 months of tnitial diagaosis
(POD24), TP53 abervations, elevated lactate dehydrogenase (LDH) at progression. and blastoid
variants are cven more limited. Moreover, ouicomes of post-BTK inhibitor salvage therapy are
poor, with median overall survival (OS) timaes as short as 2.5-8.4 months reported. In addition, the
BTK1 tbrutinib has recently been withdrawn from its MCL indication in the United States due to
toxicity concerns. Thus, an unmet need remains for better treatment options for patients with R/R

MCL.



WO 2024/092152 PCT/US2023/077950

{0296] Chimeric antigen receptor (CAR) T-cell therapy represents another landmark
advance in the treatment of hematologic malignancies. Brexucabtagene antoleucel (brexu-cel,
previously known as KTE-X19} (s an autologous anti-CD19 CAR T-cell therapy approved in the
United States for the treatroent of adults with R/R MCL and in the Euvopean Union for the
treatment of adults with R/R MCL after >2 prior systemic freatments, including a BTK inhibitor.
Accelerated approval was based on results from the pivotal, single-arm, maulticenter Phase 2
LUMA-2 (NCT02601313) stady of brexu-cel therapy in patients with R/R MCL. All patients bad

7

progressed on BTK inhibitor therapy (62% refractory), and many had high-risk disease.

{0297] With a median follow-op of 35.6 months in ZUMA-2, the overall response rate
{ORR) was 91% (95% 1, 81.8-96.7), including a 68% complete response (CR) rate, in 68 treated
patients. The median duration of response (DOR) among responders was 28.2 mounths (95% CI,
13.5-47.1), and was considerably longer in patients achieving CR (46.7 yoonths) than in those with
partial response (PR; 2.2 months). Median PFS and O8 werve 25.8 months {895% CI, 9.6-47.6) and
46.6 months (95% CI, 24.9-not estiraable [NE]), respectively. The most comnon Grade 23
treatment-emergent adverse events (TEAEs) at median 12.3-month follow-up were cviopenias
(94%) and infections (32%) with Grade >3 cytokine release syndrome (CRS) and newrologic
events occurring in 15% and 31% of patients, respectively. Similar real-world results were
abserved from the US Lymphoraa CAR T Consortinm which found that brexu-cel demonstrated
4 90% overall response rate and an 82% coroplete response rate in 168 patienis with R/R MCL
who received brexu-cel treatment in the standard-of-care setting. In addition, the study found that
8% and 32% of these patients experienced Grade 23 CRS and neurotoxicity following brexu-cel

infusion, respectively.

{0298] Understanding the association hetween patient, product, and pharmacokinetic
characteristics and durable response to brexu-cel in patients with R/R MCL could inform up-front
patient selection, thereby maximizing benefit. This study exanined the association of these factors

with long-term response to brexu-cel in ZUMA-Z.

METHODS

Study design and patients

{0299] Detailed methodology for the multicenter, single-arm ZUMA-2 (NCTO2601313)
was previoushy described. Briefly, patients were 218 years of age and had histologically confirmed
MCL that was relapsed or refractory to 1 to 5 previous MCL regimens including anthracycline-

or bendamustine-containing chemotherapy, an anti-CDZ0 monoclonal antibody, and BTK
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inhibitor therapy with either thrutinib or acalabrutinib. All patients underwent leukapheresis, after
which those with high disecase burden could receive bridging therapy with steroids or BTK

inhibitors at the investigator's discretion.

{0300] Conditioning chemotherapy consisted of once-daily intravenous (1Y) fludarabine
30 mg/m? and cyclophosphamide 500 mg/m® on Days -5, -4, and -3. A single TV infusion of brexu-
cel was administered at a target dose of 2 x 10° CAR T cells/kg on Day 0. All patients provided
written informed consent and the trial was conducted in accordance with the principies of the

Declaration of Helsinki.
Huod points and assessments

{0301] The present analysis examined baseline patient and disease characteristics, product
characteristics, subsequent therapies, and pharmacological outcomes by response status at 24
months post-brexu-cel infusion as assessed by the independent radiology review commitiee using
Lugano classification. Ongoing responders were defined as those with an ongoing TR or PR at
their 24-month assessoent. Relapsed responders were defined as those with a previous response
who had either relapsed, proceeded to subsequent anticancer therapy (inchiding SCT), or died by
any cause prior to their 24-month assessment. Nonresponders were patients who had not achieved
a response. DOR was assessed in both responder groups. Levels of transduced anti-CDIS CAR T
cells in blood were measured by quantitative polymerase chain reaction. T-cell phenotypes were
assessed by multicolor flow cytometry using protocols and antibodies that were previously

described.
Statistical analysis

{03062] All subgroup analyses were post-hoc, exploratory analyses with descriptive

statistics provided. Time-to-event end points were analyzed using the Kaplan-Meicr methodology.
RESULTS
Patients

{6363] Of the 74 patients enrolled and leukapheresed in ZUMA-2, brexu-cel was
successfully manufactured for 71 (95.9%), and 68 patients (91.9%) received brexu-cel. As of July

24, 2021, the median folow-up time was 33.6 months {range, 25.9-56.3)

3), 62 patients (81.2%)
achieved a best response of CR or PR and 6 patients (8.8%) did not achieve a response. Among

the 62 responders, 29 (47%; 28 CR and 1 PR) were in ongoing response at their 24-month
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assessment {ongoing responders), 29 (47%; 15 CR and 14 PR) had relapsed prior to their 24-
month assessment {relapsed responders), and 4 did not reach or missed their 24-mounth assessment

and were excluded from this analysis.
Patient characteristics

{0304] Most bascline characteristics were similar across ongoing responders, relapsed
responders, and non-responders. However, ongoing responders had an approximately fourfold
lower tumor burden at baseline (median SPD 935 vs. 4861 mm?), were less likely to have received
nrior plati crapies {10% vs. 41%) idging the / To vs. 52%), less likely to have
nrior platinum therapies (10% vs. 41%) or bridging therapy (21% vs. 52%), less likely o hav
POD24 (33% vs 66%), and were more Eikeiy to have Eastern Cooperative Oncology Group
1) pe > T9% vs. 59%) at baseline compared with relapsed responders.
(ECOG) performance status of O (7 G%
Similar proportions of ongoing responders and relapsed responders received prior bendamustine
{45% and 52%}, prior anthracycline {76% and 72%), and prior proteasome inhibitors {(41% and
34%]), respectively. These trends generally held true when coraparing only ongoing responders

with CR to relapsed responders with CR.

2

{0305] The median mumber of prior therapies was 3 in all subgroops. Ibrutinib was the
maost comyaon prior BTKi received in all subgroups and was the most common last prior therapy
received in all subgroups; though &t was more commeon among ongoing responders (93% total;
66% as last prior therapy) than in relapsed respounders (79% total; 41% as last prior therapy) or
non-responders (67% total; 33% as last prior therapy). Prior acalabrutinib was received by 28%
of ongoing responders, 21% of relapsed responders, and 33% of non-responders; and was the last
prior therapy for 14% of ongoing responders, 14% of relapsed responders, and 17% of non-
responders). The median time from last prior therapy to brexu-cel infusion was 63 days (range,
26-748) for ongoing responders, 63 days (range, 22-443) for relapsed responders, and 136 days

(range, 29-642) for non-responders.
Efficacy

{(3366] Among patients who had achieved CR, the median DOR was not reached (95% (1,
46.7-NE} in ongoing responders (n=28) and was 8.3 months (85% Ci, 5.0-13.6) in relapsed
responders {n=15). At data cutoff, 22 of the 28 ongoing responders with CR {79%) were in
ougoing response without subsequent therapy, 1 {(4%) proceceded o new anticancer therapy, 2

{77} had disease progression, and 3 {

\

11%) died. At data cutoff, none of the 15 relapsed responders

with CR were in ongoing response without subsequent therapy, 2 (13%) proceeded to subsequent
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SCT, 1 (7%) proceeded to new anticancer therapy, 12 (80%) had disease progression, and none

died.

{0367] Ameong patients who achieved any response (CR or PR}, median DOR was 47.1
months (93% Ci, 36.5-NE)} in ongoing responders (8=29} and 5.0 months (35% Ci, 2.2-8.3) in
relapsed responders (n=29). Median time to response was § month for both ongoing responders
{range, (.9-3.1; n=29) and relapsed responders (range. 0.8-1.7; n=29) and median time to CR was
3 moonths for both ongoing responders (range, .9-35.1; n=2&) and relapsed responders (range,
0.8-9.0; n=15). As previously reported, MRD-negativity at 6 months correlated with longer

median DOR, PES, and OGS,

{0308] Given that elevated LDH is a known poor prognostic indicator for patients with
R/R ML, DOR was assessed in patients with high and low baseline LDH. The median DOR
among ongoing responders with high baseline LDH (21 ULN; n=13) and low bascline LDH (< 1
ULN; n=14) was 47.1 (95% CI, 24.8-NE) and 46.7 months (95% CI, 24.4-NE), respectively. For
relapsed responders with high baseline LDH (n=11) and low baseline LDH (n=18), the median

DOR was 3.6 months {35% Ci, 1.0-13.5) and 5.4 months (95% I, 2.2-8.6}, respectively.

{0309] Subsequent anticancer therapies were received by 1/29 (3%), 20/29 (69%), and 3/6
(50%) patients in the ongoing responder, relapsed responder, and non-responder subgroups,
respectively. The most conunon of these were radiotherapy, ritoximab, dexamethasone,

{enalidomide, and venetoclax.
Product and pharmacokinetic characteristics

{0316] Produet characteristics were generally similar between ongoing and relapsed
responders. Numerical differences were observed among median CD4/CDS ratios for ongoing
responders, relapsed responders, and non-responders at 0.86 (range, 0.27-2.06), 0.64 {range, 0.04-
3.73), and .41 (range, 0.25-0.73), respectively. Although the total rumber of CAR T cells infused
was similar across subgroups, the total mumber of CCR7+ T-cells infused was modestly increased
among ongoing responders relative to the other subgroups, with median fevels (x10°%) of 119.8

{range, 37.0-249 9}, §9.4 (range, 6.1-353.4), and 88.2 (range, 39.9-150.3), respectively.

{0311} Median peak CAR T-cell levels were 102.4 cells/ul (range, 0.3-2242.6) and 62.7
cells/ul (range, 1.6-2589.5) in ongoing responders and relapsing responders, respectively.
Similarly, median CAR T-cell area under the curve (from Day 0 To Day 28; AUCq.08) values were

1487.0 cells/pl % days (range, 3.8-16700) and 775.8 cells/ul X days (range, 19.0-272030), in these



WO 2024/092152

PCT/US2023/077950

subgroups, respectively. Non-responders had the lowest median CAR T-cell peak (3.9 cells/ul;

range, $.2-95.9) and AUCq.05 values (24.7 cells/ul X days; range, 1.8-1089.1) of any subgroup.

{06312]

Differences in peripheral blood T-cell phenotypes at Day 7 were observed among

subgroups including a significantly higher median proporton of differentiated CD8+ CD27-

CP28+ cells and CD8+ CCR7- CD45RA+ CD27- UD28+ terminally differentiated effector

memory cells in combined relapsed responders and non-responders compared with ongoing

responders (P=0.0023 and P=0.0052,

respectively; Table 12). Ongoing responders had

significantly more peripheral CD4+ T cells that maintain juvenile CD27+ expression than

cornbined relapsed responders and non-responders (P=0.03) and exhibited a frend toward higher

levels of activated CDE effector roerpory T cells (P=0.057; Table 12).

{(3313] Table 12

Phenotypes  of peripheral blood T-cells

assoctated with ongoing response

Phenotypes of peripheral blood T-cells

associated with relapse andfor nonresponse

CD27+CD28- CD4+ CD3+ T cells

CD27-CD28+ CD8+ CAR- CD3+ T celis

Ch27+Ch28- CCR7-CD45RA- CD4+ CD3+
T celis

CD27-CD28+ CCR7-CD45RA- CD8+ CAR-
D3+ T eells

PDI1+TIM3+ CCR7-CD45RA+ CD4+ CAR+
CI3+ T eells

CB27-CD28+ CCR7-CD4SRA+ B8+

CAR-CD3+ T cells

CD27+CD28- CD4+ CAR- CD3+ T cells

CE27-CD28+ CD8+ CD3+ T cells

Ch27+Ch28- CCR7-CD45R A+ CDd+ CD3+
T celis

CD27-Ch28+ CCR7-CD45RA+ CAR- CD3+
T cells

PD1+ CCR7+CD45RA- CDE+ CD3+ Teells

CD27-CD28+ CCR7-CD45RA- CD8+ CD3+

Tcells

CD27+Ch28- CCRT-CD45RA- Ch4+ CAR+

CD27-CO28+ CCRT-CD45RA+ CD8+ CD3+

CD3+ T eells T cells

LAG3+PDI+TIM3+ CCRT-CD45RA+ CD4+ | CD27+CD28+  CCR7-CD45RA+  CDS8+
CAR+ CD3+ T cells CAR- CD3+ T eells

LAG3+TIM3+ CCR7-CD4SRA+  CD4+ | CD27-CD28- CCR7-CD4SRA- CAR+ CD3+
CAR+ CD3+ T cells T cells

PO+ CCR7+CD43RA- CAR+ CD3+ T celis

CDAT-CD28+ CCRT-CD45SRA+ CD3+ T

cells

CD27+CD28- CD4+ CAR+ CO3+ T cells

CD27-CD28+ CAR- CD3+ T cells
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PEI+ CCRTHCD4SRA- CDS+ CAR- CD3+ T

CAR+ CD3+ T cells

cells CORT+CD4ASRA+ CD8+ CAR- CD3+ T eells
CO27+CD28- CCR7+CD4SRA-  CD4+ | CD27-CD238+ CCR7-CD4SRA- CAR- CD3+

T cells

LAG3+ CCORT-CD43RA+ D4+ CAR+
Ch3+ T eelis

CD27-CO28+ CORT-CD45RA+ Chd+ CAR-
CD3+ T cells

LAG3+PD I+ CORT-CD45RA+ CD4+ CAR+
Ch3+ Teelis

CD27-CO28+ CCR7-CD45RA+ CD4+ CD3+
T cells

PD1+ CCR7+CD45SRA- CAR- CD3+ T cells

CD27-CD238+ CCR7-CD45RA- CAR+ CDi3+
T cells

LAG3+ CCR7+CD45RA+ CDE+ CD3+ T

cells

LAG3+PD 1+ CCRT7+CD45RA+ CDB+ CD3+

Tcells

CD27T+CD28+
CD3+ Teells

CCR7-CD4SRA+ CD8+

CD27-CO28+ CD4+ CAR+ D3+ Tcells

CD27+CD28+ CCR7-CD45RA+ CAR-
CD3+ Teells

CD27-CD28+ D3+ T cells

CD27-CD28+ CCR7-CD45RA- CDE+ CAR+
CD3+ Teells

CD27-CO28+ CCRT-CD45RA- CD3+ T cells

CD27-CD28+ CCR7-CD45RA- CD4+ CAR+
+ T

D3 cells

CD27-CD28- CCR7-CD4SRA- CD8+ CAR+
CD3+ Teells

CD27-CO28+ D4+ CB3+ T cells

CCRT+CD45RA- CD8+ CAR- CD3+ T cells

CD27-CD28+ CD8+ CAR+ CD3+ T cells

CD27-CD28+  CCRT+CD453RA+ CD4+
CAR- CD3+ T cells
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LAG3+TIM3+ CCR7T+CD45RA-  CD4+
CAR- CD34+ Teells

CD27-CO28+ CAR+ CD3+ T eells
CCRT7+CD45RA+ CD8+ CD3+ T cells
CD27-CD28+ Chd+ CAR- CD3+ T cells
TIM3+ CD8+ CAR+ CD3+ T eells

LAG3+PDI+TIM3+ CCR7+CD45R A+
CD4+ CD3+ T cells

LAG3+TIM3+  CCR7+CD4SRA+ D4+
CD3+ T cells

CD27+Ch28+ CCRT-CD4ASRA+ CD3+ T

cells

DISCUSSION

{0314] This analysis identifies associations between patient, disease, product, and/or
pharmacokinetic characteristics with durable response to brexu-cel in patients with R/R MCL
treated in ZUMA-2, The analysis identified a 47% rate of ongoing response at 24 months post-
infusion. Considering the poor prognosis and Hmited sarvival associated with the faihire of BTK
inhibitors in this setting, these results continue to support brexu-cel as a favorable treatment option
in this disease setting. Interestingly, the median DOR for relapsed responders was only 5 months,
whereas for ongoing responders it was 47.1 months, suggesting that patients who remained in
ongoing response after 24 months had favorable long-term outcomes. Notably, the marked
differences in the Kaplan-Meier DOR curves for ongoing versus relapsed responders between 6

and 12 months suggest that these earlier timepoints may predict long-term responses.

{0315] Because CAR T-cell therapy is a relatively recent approach to treating patients with
hematologic malignancies, factors associated with response are subject to ongoing investigation.
These factors may be specific to a given CAR T-cell product and/or malignancy, and conclusive
data have yet to emerge. Paticnt characteristics such as baseline tumor burden and LDH levels, as
wekl as T-cell phenotypes such as the proportion of memory T cells and CD4+/CD8+ T-cell ratios
have been correlated with response or response durability to CD-19-targeting CAR T-cell thervapy.
More recently, fumor immune contexture was suggested to be a determinant of CAR T-cell

efficacy and may play a role in response durability in this analysis as well.
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{0316] In ZUMA-Z, tumor burden as measured by SPD at baseline was notably lower (935
vs. 4861 mm?) in ongoing responders than relapsed responders. A similar correlation between
SPD and outcomes has been reported in another study of CAR T-cell therapy m B-cell
malignancies. Prior platinum therapy and bridging therapy were less frequent in ongoing

responders compared with relapsed responders, and ongoing responders were more likely to have
a hetter ECOG performance status than relapsed responders. Collectively, these data suggest that
among patient and disease characteristics, higher turnor burden at baseline correlated with a higher
risk of relapse by 24 months. In contrast, the known risk factor of high haseline LDH levels (=
upper limit of normal) was not associated with inferior response durability, as patients with low
and high baseline LDH within each subgroup (ongoing or relapsed responders) had similar median
DORs. Thos, brexu-cel was associated with durable response irrespective of LDH status at

baseline.

{8317] Ibrutinib was more frequently received as a prior therapy and as the last prior
therapy in ongoing responders than in relapsed responders or non-tesponders. Interestingly, the
same phepomenon was ot observed with prior acalabrtinib therapy as simifar propottions of
angoing responders, relapsed responders, and non-responders received acalabrutinib as a prior
therapy or as the fast prior therapy. In prechinical studies, ibrutinib has been shown to improve
CAR T-cell persistence and efficacy, possibly improving T-cell function and expansion through
its off-target inhibition of inducible T-cell kinase. In addition, a time-limited combination of
tbrutinib and tisagenlecleucel demonstrated encouraging efficacy (ORR of 90%) in a small
population of patients with R/R MCL (N=20} in the TARMAC tial. Additional clinical studies
are needed to further understand the iropact prior thrutinib may have on the long-term efficacy of

brexu-cel therapy.

{0318] In a previous analysis of ZUMA-2, prior bendamustine use within 6 months of
apheresis was associated with a poorer pharmacokinetic profile and reduced product doubling
tirae of infused CAR T cells, suggesting that the timing of bendamustine use may attenuate T-cell
fitness; though small sample sizes Hmit interpretation of this finding. In the current analysis, the
rates of prior bendamustine use were similar amoong ongoing responders and relapsed responders;
however, due to small samples sizes, we were unable to assess whether the timing of prior

bendamuostine impacted the durability of response.

{08319] CAR T products derived from patients with differing T-cell subsets can reasonably

be expected to vary in their effects. In ZUMA-2, T-cell phenotype data were available for the

i

a2

(3]
‘
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majority of patients, allowing a comparison of T-cell subsets in ongoing responders versus
combined relapsed responders/non-responders. Increases in median number of CCR7+ cells and
CP27+ peripheral T cells among ongoing responders suggest that continuous memory T-cell

differentiation may play arole in achievement of durable response.

{8320] In a previous study of axicabtagene ciloleucel (ZUMA-1), peak CAR T-cell levels
and CAR T-cell AUC were found to correlate with durable (24-month) response. The present
analysis identified a similar trend in patients with R/R MICL treated with brexu-cel in ZUMA-Z.
Both median peak and AUC levels of CAR T cells were approximately twice as high in ongoing
responders, indicating that robast CAR T-cell expansion may contribute to achieving a durable
response. These findings are consistent with the results from ZUMA-7 even though this effect has
not been observed in other CAR T studies with different CAR T products {e.g., JULIET}. Factors
specific to the disease context, tumor characteristics including the microenvironment as well as
patient baseline characteristics as well as produoct characteristics may prechude extrapolation or

generalization.

{63211 These results demonstrate durable responses for patients with R/R MCL treated
with brexu-cel, including those with high-risk disease features who would otherwise have a poor
progunosis. Several factors that appeared to be associated with 2-vear ongoing response {ie.,
ECOG performance status, SPD, prior platinum, use of bridging therapy) relate to the advanced
or aggressive nature of the disease, suggesting more optimal use of brexu-cel roay be carlier in the
course of the disease. Consistent with some, but not all prior CAR T studies, the degree of CAR
T-cell expansion was associated with the durability of response. These findings together with
those of further investigations should aid in identifving the patients fikely to derive the greatest

henefit from brexu-cel in this difficult-to-treat malignancy.

{6322] All publications, patents, patent applications and other documents cited in this
application are bereby incorporated by reference n their entireties for all purposes to the same
extent as if each individual publication, patent, patent application or other document were

individuatly indicated to be incorporated by reference for all purposes.

j0323] While various specific ernbodiments have been iHustrated and deseribed, it will be
appreciated that various changes can be made without departing from the spirit and scope of the

disclosure.
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We Claim:

¥4

~J

A method for treating mantle cell lymphoma (MCL) or B cell ALL in a subject in need
thereof comprising administering to the subject a therapeutically effective amountof a T
cell product comoprising autologous T cells expressing an anti-CD19 chimeric antigen
receptor (CAR), wherein the MCL or B cell ALL is relapsed or refractory MCL
following one or more prior treatment selected from the group consisting of
chemotherapy, radiotherapy, immunotherapy, an autologous stem cell transplant (SCT),
or any cornbination thereof, further wherein the one or more prior treatment does not

comprise 4 Bruton Tyrosine Kinase inhibitor (BTK1).

The method of claim 1, wherein the subject has received 1-5 prior treatmaents, wherein at
least one of the prior treatments 5 selected from autologous SCT, anti-CD20 antibody,

and/or anthracycline- or bendamusting-containing chemotherapy.
The method of claim 1 or 2, wherein the BTKI is ibrutinib or acalabrutinib.

The method of any one of claims 1 through 3, wherein R/R B cell ALL is defined as
refractory to first-line therapy (i.e., primary refractory), relapsed <12 months after first
remission, relapsed or refractory after >2 prior lines of systemic therapy, or relapsed after
allogeneic SCT, wherein the subject is requirved to have 25% bone marrow blasts, an
Eastern Cooperative Oncology Group performance status of G or 1, and/or adequate

renal, hepatic, and cardiac function.

The roethod of any one of claims 1 through 4, wherein if the B cell ALL subject has
received prior blinaturnomab, the subject is required to have leukermic blasts with CD19

expression 290%.

The method of any one of claims 1 through 5, wherein the subject recetves bridging

therapy after leukapheresis and before conditioning/lympbodepleting chemotherapy.

The method of any one of claims 1 through 6, wherein the MCL subject receives a
fymphodepleting chemotherapy regimnen of cyclophospharmide 500 mg/m” intravenously
and fludarabine 30 n’xg/ﬁ12 intravenously, both given on each of the {ifth, fourth, and third

days before T cell infusion.

The moethod of any one of claims 1 through 7, wherein the B cell ALL subject receives a

lymphodepleting regimen of fludarabine intravenous (IV) 25 mg/m®“/day on each of the
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fourth, third, second days before T cell infusion, and cyclophosphamide IV 900

mg/m“/day on the second day before infusion.

@. The method of any one of claims 6 or 8, wherein the MCL bridging therapy is selected
from dexamethasone (e.g., 20 — 40 g or equivalent PO or IV daily for 1 - 4 days);
methylprednisolone, thrutinib {e.g., 360 mg PO daily), and/or acalabrutinib (e.g., 100 mg
PO twice daily); an immunomodulator; R-CHOP, bendamustine; alkylating agents;
and/or platinum-based agents, wherein the bridging therapy is administered after
teukapheresis and completed in, for example, 5 days or less before conditioning

chemotherapy.

s
S’

. The method of any one of claims 6 through 8, wherein the B cell ALL subject may

receive any one or more of the following bridging chemotherapy regimens:

Predefined Bridging Chemotherapy Regimens

Attenuated VAD Vincristine non-liposomal (1-2 mg IV weekly) or liposomal (2.25
mg/m? IV weekly), and dexamethasone 20-40 mg IV or PO daily
x 3-4 days per week. Optional doxorubiein S0 mgfm® TV x | (first

week only)

Mercaptopurine (6- | 50-75 mg/m*day by mouth {(administer at bedtine on an empty

MP} stornach o improve absorption)

Hydrexyurea Doses titrated between 15-50 mg/kg/day (rounded to the nearest
500 myg capsule and given as a single daily oral dose on a

continuous basis)

DOMP Dexamethasone & mg/mi¥day PO (or TV) divided BID
days 1-5, vincristine 1.5 mg/m® (maximum dose 2 mg) IV on

day 1, methotrexate 20 mg/m?® PO weekly, 6-MP

h

0-75 rog/m*day PO daily

Attennated Fludarabine 30 mg/m? TV days 1-2, cytarabine 2 g/m?® IV days 1-
FLAG/FLAG-IDA | 2, G-CSF S pg/kg SC or IV starts on day 3 and can continue until
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day before the start of conditioning chemotherapy. With or

without idarubicin 6 mg/m? 1V days 1-2

Mini-hyper CVAD | Course A: Cyclophosphamide 150 mg/m® every 12 h x 3 days,
{courses A andfor dexamethasone 20 mg/d IV or PO daily days 1-4 and 11-14,

B) vincristine 2 mg IV x 1

Course B: methotrexate 250 mg/m” IV over 24 hours on day 1,

cytarabine 0.5 g/m” IV every 12 hours x 4 doses on days 2 and 3

il

14.

16.

The method of any one of claims 1 through 10, wherein the T cell product comprises
CD4+ and CD8+ CAR T cells that are prepared from peripheral blood mononuclear cells
(PBMCs) by positive enrichment and consequent partial or complete depletion of

circulating cancer cells.

. The method of claim 11, wherein the PBMC are enriched for T cells by positive

selection for CD4+ and CD8+ cells, activated with anti-CD3 and anti-CD28 antibodies
in the presence of Ho-2, and then transduced with a replication-incompetent viral vector
containing FMC63-287 CAR, a chimeric antigen receptor (CAR) comprising an anti-

D19 single-chain variable fragment (scFv), CD28 and CH3-zeta domains.

. The method of claim 11 or 12, wherein the T cell product comprises fewer cancer cells

than a T cell product comprising T cells from a leukapheresis-derived product that have

not been positively selected for CD4+ and CD8+ T cells.

The method of any one of claims 11 through 13, wherein the T cell product has other
superior product attributes relative to a T cell product comprising T cells from a
feukapheresis-derived product that have not been positively selected/enriched for CD4+

and CD8+ T eells.

. The roethod of claim 14, wherein the superior product atiributes are selected from

increased percentage of CDRA4S+CCRT+ (naive-like) T cells, decreased percentage of
differentiated T cells, increased percentage of CD3+ cells, decreased IFN-gamma

production, and/or decreased percentage of CD3- cells.

The method of any one of claims 1 through 15, wherein the MCL subject is administered

one or maxe doses of 1.8x10°, 1.9x10°, or 2x10° CAR positive viable T cells per kg body
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weight, with a maximum of 2x10° CAR positive viable T celis (for patients 100 kg and
ahove) and the B cell ALL subject is administered 0.5x10°% 1x10°, or 2x10° CAR
positive viable T celis per kg body weight, with a maxinum of 2x10° CAR positive

viable T cells (for patients 100 kg and above).

17. The method of any one of clatmus 1 through 15, wherein if the subject has achieved

18.

complete response to the {irst infusion, the subject may receive a second infusion of anti-
D19 CAR T cells, if progressing following »3 months of remission, provided CDi9
expression has been retained and neutralizing antibodies against the CAR are not

suspected, wherein response is assessed using the Lugano classification.

The method of any one of claims 1 through 17, wherein the subject is monitored for
signs and symptoms of cytokine release syndrome ({CRS) and neurologic toxicity after T

cell administration.

19, The methed of claim 18, wherein the subject is monitored daily for at least seven days,

preferably for four weeks, following infusion for signs and syroptoras of CRS and

neurologic toxicity.

20. The method of claim 18 or 19, wherein the signs or symptoms associated with CRS

21.

comprise fever, chills, fatigue, tachycardia, nausea, hypoxia, and/or hypotension and the
signs or symptoms associated with newrologic events comprise encephalopathy, seizures,

changes in level of consciousness, speech disorders, tremors, and/or confusion.

The roethod of any one of claims 18 through 20, wherein cytokine release syndrome in

MCL subjects is managed in accordance with the following protocol:

RS Grade Tocilizumab Corticosteroids

Grade 1 I not improving after 24 Not applicable.
hotirs, administer tocilizamab

Symptoms reguire 8 mg/kg intravenously over 1

sysuplornatic treatiment only hour (not to exceed 800 mg).

{(e.g., fever, nausea, fatigue,

headache, myalgia, malaise).

i

=
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Grade 2

Symptoms reguire and
respond to moderate
intervention.

(Oxygen requirement less than
40% Fi0?2 or hypotension

Admimster tocilizamab §
mg/kg intravenously over |
hour (not o exceed 800 mg).

Repeat tocilizumab every §
hours as needed if not
responsive to intravenous fhuds
or increasing supplerental

Manage per
Grade 3 if no
improvenment
within 24 hours
after starting
tocilizumab.

If iraproving, taper

responsive to fluids or low oxygen. Limif to a maxinwm of | corticosteroids.
dose of one vasopressor or 3 doses in a 24-hour period;
Grade 2 organ toxicity. maximum total of 4 doses if no
clinical improvement in the
signs and symptoms of CRS.
i improving,
discontinue
tocilizumab.
Grade 3 Per Grade 2 Administer

Symptoms reguire and
respond to aggressive
intervention.

Oxygen requirement greater
than or equal to 40% FiO2 or
hypotension requiring high-
dose or roultiple vasopressors
or Grade 3 organ toxicity or
Grade 4 transaminitis.

methylprednisolon
e I mg/kg
intravenously
twice daily or
equivalent
dexamethasone
{e.g., 10 mg
intravenously
every 6 hours)
until Grade 1, then
taper
corticosteroids.

If improving,
manage as Grade 2.

If not improving,
manage as Grade 4.

Grade 4
Life-threatening symptoms.

Reguirements for ventilator
support or contingous veno-
venous hemodialysis
{CVVHD), or Grade 4 organ
toxicity {excluding
transaminitis).

Per Grade 2

Administer
methylpredniso
tone 1000 mg
intravenously
per day for 3
days.

If improving,
taper
corticosteroids,
and manage as
Grade 3.

i

a2

&
i
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i not
improving,
consider
alternate
immunosuppr

£384nts.

22. The method of any one of clairos 18 through 21, wherein neurologic toxicity in MCL

subjects is managed in accordance with the following protocol:

claim 15 for management of
Grade 2 CRS.

In addition, adminster dexamethasone
10 mg intravenously with the first dose
of tocilizuroab and repeat
dexarnethasone dose every 6 hours.
Continue dexamethasone use until the
event is Grade 1 or less, then taper
corticosteroids.

If improving, discontinue

tocilizumab and manage as Grade

2.

If still not improving, manage as

Grading
Assessm . . . N
ent Concurrent CRS No Conecunrrent CRS
Grade 2 Administer tocilizumab per Administer dexamethasone 10
claim 15 for management of mg intravenously every 6
Grade 2 CRS. hours until the event is Grade 1
or less, then taper
If not tmproving within 24 hours after | corticosteroids.
starting toctlizumab, administer
dexamethasone 10 mg intravenously
every 6 hours until the event is Grade
1 or less, then taper corticosteroids.
if still not improving, manage as Grade
3.
Consider non-sedating anti-scizure medicines (e.g., levetiracetar) for
seizure prophylaxis.
Grade 3 Administer tocilizumab per Administer

dexamethasone 10
myg intravenously
every 6 hours.

Continue dexamethasone use
until the event is Grade 1 or
less, then taper corticosteroids.

If not improving, manage as
Grade 4.
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Grade 4 (below).

Consider non-sedating anti-seizure medicines (e.g., levetiracetam) for

seizure prophylaxis.

Grade 4

Administer tocilizuroab per
claim 15 for management of
Grade 2 CRS.

Administer methylprednisoclone 1000
mg intravenously per day with first
dose of tocilizumab and continue
methylprednisolone 1000 mg

intravenously per day for 2 more days.

If improving, then manage as Grade 3.

If not improving, consider
alternate
Imunosuppressants.

Administer
methylpredaisolone 1000
myg intravenously per day
for 3 days.

If sroproving, then manage as
Grade 3.

If not improving,
consider alternate
immunosappressants.

Consider non-sedating anti-seizure medicines {(e.g., levetiracetam) for

seizure prophylaxis.

23. The method of any one of claims 1 through 22, wherein the MCL subject is a high-risk

patient as determined by a Ki-67 tumor proliferation index >50% and/or presence of a

P53 mutation.
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24. The method of any one of claims 18 through 20, wherein CRS in a B cell ALL subject is

managed according o the following protocol:

CRS Grade

Tocthizumab

Corticosteroids

Grade 1

Symptoms reguire
symptomatic treatment only
{e.g., fever, nausea, fatigue,
headache, myalgia, malaise).

I not improving after 24

hours, administer tocilizumab
8 mg/kg intravenously over |
hour (not to exceed 800 mg).

Not applicable.

Grade 2

Symptoras reqguire and
respond to moderate
intervention.

Oxygen requirernent less than
40% Fi(32 or hypotension
responsive to fluids or low
dose of one vasopressor or
Grade 2 organ foxicity.

Administer tocilizumab 8
mg/kg intravenously over |
hour {not to exceed 800 myg).

Repeat toctlizumab every 8
hours as needed if not
responsive to intravenous fluids
or increasing supplemental
oxygen. Limit to a maximum of
3 doses in a 24-hour period;
roaximum total of 4 doses if no
clinical improvement in the
signs and symptoms of CRS.

I improving,
discontinue
tocitizumab.

Manage per Grade
Jifno
improverment
within 24 hours
after starting
tocitizumab.

If improving, taper
corticostercids.

Grade 3

Symptoms require and
respond to aggressive
intervention.

{Oxygen requirement greater
than or equal to 40% FiO2 or
hypotension requiring high-
dose or multiple vasopressors
or Grade 3 organ toxicity or
Grade 4 transaminitis.

Per Grade 2

Adroinister
methylprednisolone
1 mglkg
tniravenously twice
daily or equivalent
dexamethasons
{e.g.. 10mg
intravenously every
6 hours) until
Grade 1, then taper
corticosteroids.

If iroproving,
manage as Grade 2.

If not improving,
manage as Grade 4.
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Grade 4
Life-threatening symptoms.

Reguircroents for ventilator
SUPPOTE OF CONLINTOUS Veno-
venous hernodialysis
{CVVHD), or Grade 4 organ
toxicity {excluding
ransaminifs).

Per Grade 2

Adrainister
methylprednisol
one 1000 mg
intravenously
per day for 3
days.

If iraproving,
taper
corticosternids,
and manage as
Grade 3.

¥ not
improving,
consider
alternate
immunosuppr
essants.

25. The raethod of any one of claims 18 through 20 and 24, wherein neurologic toxicity in a

B cell ALL subject is managed according to the following protocol:

NE Revised Management
Grade Original Management Guidelines Guidelines
&  Supportive care Supportive care
Grade e Neurological examination and Closely monitor neurologic
1 additional work-up as clinically statas
indicated Counsider prophylactic
anticpileptic
Suppaortive Care and Fvaluation Supportive Care and
& MNeurological examination, brain MR,
and evaluation of CSF; consider EEG as Continuous cardiac
chinically indicated telemetry and pulse
¢ (Consider prophylactic antiepileptic oximetry as indicated
Grade Serial‘ nm.imiogic;al ’
n exarnoinations fo include
- fundoscopy and Glasgow
Coma Score, brain MRI,
evaluation of CSF, EEG;
consider neurology consul
Administer antiepileptics
for patients with seizures
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Tocilizumob

& Consider tocilizamab 8 rog/kg IV over |
bour (not to exceed 806 mg) for patients
with comorbid conditions (eg, grade =2
CRS)

Tocilizumab

& For patients with
concurrent CRS,
administer tocilizumab 8
mg/kg IV over 1 hour {not
to exceed 300 mg); repeat
every 4-6 hours as needed if
1ot responsive to IV fluids
or increasing supplemental
oxygen, for a maximem of
3 doses in 24 hours

& Discontinue tocilizuomab if
patient improves

Corticostercids
& N/A

Corticostergids

# For patients without
concurrent CRS, administer
lexarpethasone 10 g IV
every 6 hours

& For patients with concurrent
RS, if no improvement
within 24 hours after
starting tocilizamab,
administer dexarpethasone
10 mg IV every 6 hours

& Taper corticosteroids if
patient improves

Grade
3

Supportive Care and Evaluation

e Pergrade 2
& Monitor with continuous cardiac
teleretry and pulse oxtmetry

Supportive Care and

Evalvation
#  Manage in roonitored care
or {CU

Tocilizumab

e Consider toctlizumab 8 mg/kg TV over |
hour (not to exceed 300 mg); repeat
every 4-6 hours if syrptoms have not
stabilized or tmproved

Tocilizumab

e Pergrade?
& Discontinue tocilizumab if
patient improves

Corticosteroids

¢ Consider corticosteroids (eg.
dexamethasone 10 mg IV every 6 hours
or methylprednisolone 1 mg/kg BID)
for worsening symptoms despite
toctlizumab

Corticosteroids

¢ Administer dexamethasone
10 mg IV every 6 hours

e Taper corticosteroids if
patient improves
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Supportive Care and Evaluation

& Per grade 2
e Monitor with continuous cardiac
telemetry and pulse oximetry

Supportive Care and

Evaluation

e Pergrade3

& Mechanical ventilation may
be required

¢ Administer
immnosuppressants if
patient does not traprove

Grade

Tocilizumab
e Administer tocilizumab per grade 3 if
not previously administered

Tocilizumah

e Pergrade2

Corticostergids
& Administer corticosteroids {e.g.,
nethylprednisolone fgfd x 3 days,
followed by 250 rog BID » 2 days, then
125 mg BID x 2 days, then 60 mg BID
% 2 days)

Corticosieroids

& Admunister high-dose
corticosteroids (e.g.,
methylprednisone 1g/d x 3
days}

® Taper corticosteroids if
patient improves

26. The method of any one of clatms 1 through 25, wherein the B cell ALL subject may

receive any one or more of the following bridging chemotherapy regimens:

Predefined Bridging Chemotherapy Regimens

Atienuated YVAD

Vincristine non-liposoroal {1-2 mg TV weekly) or liposomal (2.25
mg/m? IV weekly), and dexarnethasone 20-40 mg IV or PO daily
x 3-4 days per week. Optional doxoruhicin 50 mg/m? 1V x 1 (first

week only)

Mercaptopurine (6-

5075 mg/m?/day by mouth {administer at bedtime on an empty

MP) stomach to improve absorption)

Hydroxyurea Doses titrated between 15-50 mg/kg/day (rounded to the nearest
500 mg capsude and given as a single daily oral doseon a
continuons basis)

DOMP Dexamethasone & mg/m%day PO {or 1V) divided BID
days 1-5, vincristine 1.5 mg/m® {maximum dose 2 mg) IV on
day 1, methotrexate 20 mg/m? PO weekly, 6-MP
50-75 mg/m*/day PO daily

Attenuated Fludarabine 30 mg/m” TV days 1-2, cytarabine 2 g/m® IV days 1-

FLAG/FLAG-IDA | 2, G-CSF S pg/kg SC or TV starts on day 3 and can continue until
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day before the start of conditioning chemotherapy. With or

without idarubicin 6 mg/m? 1V days 1-2

Mini-hyper CVAD | Course A: Cyclophosphamide 150 mg/m? every 12 h x 3 days,
{courses A and/or dexaraethasone 20 rag/d 1V or PO daily days 1-4 and 11-14,

B) vineristing 2 mg IV x 1

Course B: methotrexate 250 mg/m” IV over 24 hours on day 1,

cytarabine 0.5 g/m” IV every 12 howrs X 4 doses on days 2 and 3

27.

28.

29.

33.

Autologous T cells expressing an anti-CI19 CAR for use in a method for treating roantle

cell lymphoma (MCL) or B cell ALL according to any one of claims 1 through 26.

Use of autologous T cells expressing an anti-CDM9 CAR in the manufacture of a
medicament for treating mantle cell lymphoma (MCL) or B cell ALL according to any

one of claims 1 through 26.

A method for treating mantle cell lymphoma (MCL) in a subject in need thereof
comprising administering to the subject a therapeutically effective amountof a T cell
product corpprising astologous T cells expressing an anti-CD19 chimeric antigen
receptor (CAR), wherein the MCL is relapsed or refractory MCL and the last prior

therapy was less than 60 months prior to administration of the T cell product.

. The method of claim 2%, wherein the MCL is refractory to, or has relapsed following,

one or more of chemotherapy, radiotherapy, immunotherapy (including a T celi therapy
and/or treatment with an antibody or antibody-drag conjugate), an autologous stem cell

transplant, or any combination thereof.

. The method of claim 29 or 30, wherein the subject has recetved 1-3 prior treatments,

wherein at least one of the prior treatments is selected from autologous SCT, anti-CD20
anttbody, anthracycline- or bendamustine-containing chernotherapy, and/or a Bruton

Tyrosine Kinase inhibitor (BTKi).

. The method of ¢laim 31, wherein the BTK: is thrutinib.

The moethod of claim 32, wherein ibrutinib was the last treatment prior fo adminisiration

of the T cell product.
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44

o

. The method of any one of claims 29 through 33, wherein the subject has not received

bridging therapy after leukapheresis and before conditioning/lymphodepleting

chemotherapy.

. The method of any one of claims 29 tdwough 34, wherein the subject has not received

prior platinum therapy.

. The method of any one of clairos 29 through 35, the subject receives a lymphodepleting

chemotherapy regimen of cyclophosphamide SO0 mg/m? intravenously and fludarabine
30 mg/m”? intravenously, both given on each of the fifth, fourth, and third days before T

ccll infusion.

. The roethod of any one of claims 29 through 36, wherein the T cell product comprises

CD4+ and CDE+ CAR T cells that are prepared from peripheral blood mononuclear cells
(PBMCs) by positive enrichment and consequent partial or complete depletion of

circulating cancer cells.

. The method of claim 37, wherein the PBMC are enriched for T cells by positive

selection for CD4+ and CD8+ cells, activated with anti-CD3 and anti-CTD28 antibodics
in the presence of TL-2, and then transduced with a replication-incompetent vival vector
containing FMC63-287 CAR, a chimeric antigen receptor (CAR) comprising an anti-

CE19 single-chain variable fragment (scFv}, D28 and CD3-zeta domains.

. The method of claims 37 or 38, wherein the T cell product comprises fewer cancer cells

than a T cell product comprising T cells from a leukapheresis-derived product that have

not been positively selected for CD4+ and CDE+ T cells.

The method of any one of clairos 37 10 39, wherein the T cell product has other superior
product attributes relative to a T cell product comprising T cells from a leukapheresis-
derived product that have not been positively selected/enriched for CD4+ and CDS+ T

cells.

. The method of claim 40, wherein the superior product atiributes are selected from

increased percentage of CDRA45S+CCRT+ (naive-like) T cells, decreased percentage of
differentiated T cells, increased percentage of CO3+ cells, decreased TFN-gamma

production, decreased percentage of CD3- cells.
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42. The method of any one of claims 29 through 41, wherein the subject is administered one
or more doses of 1.8x10% 1.9x10° ar 2x10° CAR positive viable T cells per ke body
weight, with a maximum of 2x10° CAR positive viable T cells (for patients 100 kg and

above).

43. The method of any one of clatmus 29 through 42, wherein if the subject has achieved
complete response to the {irst infusion, the subject may receive a second infusion of anti-
D19 CAR T cells, if progressing following »3 months of remission, provided CDi9
expression has been retained and neutralizing antibodies against the CAR are not

suspected, wherein response is assessed using the Lugano classification.

44. The method of any one of claims 29 through 43, wherein the subject is roonitored for
signs and symptoms of cytokine release syndrome ({CRS) and neurologic toxicity after T

cell administration.

45. The method of claim 44, wherein the subject is monitored daily for at least seven days,
preferably for four weeks, following infusion for signs and syroptoras of CRS and

neurologic toxicity.

46. The method of any one of claims 44 and 45, wherein the signs or symptoms associated
with CRS comprise fever, chills, fatigue, tachycardia, nausea, hypoxia, and/or
hypotension and the signs or symptorms associated with neurologic toxicity comprise
encephalopathy, seizures, changes in level of consciousness, speech disorders, tremors,

and/or confusion.

47. The roethod of any one of claims 44 to 46, wherein cytokine release syndrorpe in MCL

subjects is managed in accordance with the following protocol:

CRS Grade Tocilizumab Corticosteroids

Grade 1 H not improving after 24 Not applicable.
hotrs, admimster tocilizamab

Symptornas roguire 8 mg/kg mtravenously over 1

symptomatic freatiment only hour (not to exceed 800 n’ig)

{e.g., fever, nausea, fatigue,

headache, myalgia, malaise).
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Grade 2

Symptoms reguire and
respond to moderate
intervention.

(Oxygen requirement less than
40% Fi0?2 or hypotension

Admimster tocilizamab §
mg/kg intravenously over |
hour (not o exceed 800 mg).

Repeat tocilizumab every §
hours as needed if not
responsive to intravenous fhuds
or increasing supplerental

Manage per Grade
3ifno
improvenment
within 24 hours
after starting
tocilizamab.

If iraproving, taper

responsive to fluids or low oxygen. Limif to a maxinwm of | corticosteroids.
dose of one vasopressor or 3 doses in a 24-hour period;
Grade 2 organ toxicity. maximum total of 4 doses if no
clinical improvement in the
signs and symptoms of CRS.
i improving,
discontinue
tocilizumab.
Grade 3 Per Grade 2 Administer

Symptoms reguire and
respond to aggressive
intervention.

Oxygen requirement greater
than or equal to 40% FiO2 or
hypotension requiring high-
dose or roultiple vasopressors
or Grade 3 organ toxicity or
Grade 4 transaminitis.

methylprednisolone
1 mg/kg
intravenously twice
daily or equivalent
dexamethasone
{e.g.. H0mg
intravenously every
6 hours) until
Grade 1, then taper
corticosteroids.

If improving,
manage as Grade 2.

If not improving,
manage as Grade 4.

Grade 4
Life-threatening symptoms.

Requirements for ventilator
Support o CONINUOUS Veno-
venous hemodialysis
(CVVHD), or Grade 4 organ
toxicity {exclading
fransaninitis}.

Per Grade 2

Administer
roethylprednisol
one 1000 mg
intravenously
per day for 3
days.

If improving,
taper
corticosteroids,
and manage as
Grade 3.

if not
improving,
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consider
alternate
IMMuRosuppr
essants.

48. The method of any one of claims 44 through 47, wherein neuwrologic toxicity in MCL

subjects is managed in accordance with the following protocol:

15 for management of Grade 2
CRS.

In addition, adnunister dexamethasone 10
mg intravenously with the first dose of
toctlizimab and repeat dexamethasone
dose every 6 hours. Continue
dexamethasone use until the event is
Grade T oor less, then taper
corticosteroids.

If improving, discontinue
toctlizurnab and manage as Grade 2.

If still not improving, manage as
Grade 4 (below).

Grading
Assessm . . _
ent Concurrent CRS No Concurrent CRS
Grade 2 Adrninister tocilizurnab per claim Adnunister dexamethasone
15 for managemeni of Grade 2 10 mg intravenously every 6
RS, hours until the event is
Grade 1 or less, then taper
If not improving within 24 hours after corticosteroids.
starting tocilizumab, administer
dexaroethasone 10 rag intravenously
every 6 hours until the event is Grade 1
or less, then taper corticosteroids.
If still not improving, manage as Grade 3.
Consider non-sedating anti-seizure medicines (e.g., levetiracetamy) for
seizure prophylaxis.
Grade 3 Administer tocilizumab per claim Administer

dexamethasone 10
rog intravenously
every 6 hours.

Continue dexamethasone
use until the event is Grade
1 or less, then taper
corticosteroids.

If not improving, manage as
(Grade 4.

Consider non-sedating anti-seizure medicin

es (e.g., levetiracetam) for

\

i
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seizure prophylaxis.

Grade 4 Admanister tocilizumab per claim Adroinister
15 for roanagement of Grade 2 methylpredunisolone
CRS. 1000 rag infravenously

per day for 3 days.
Administer methylprednisolone 1000 mg

intravenously per day with first dose of i iraproving, then roanage as
toctlizumab and continue srade 3.
methylprednisotone 1000 rag
intravenously per day for 2 more days. f not improving,
consider alternate
If roproving, then manage as Grade 3. inynunosuppressan
8.

If not improving, consider
alternate immunosuppressants.

Consider non-sedating anti-seizure medicines (e.g., levetiracetam) for
seizure prophylaxis.

49.

2
==

4
N2

33.

The method of any one of claims 29 through 48, wherein the subject is a bigh-risk patient
as determined by a Ki-67 tumor proliferation index >50% and/or presence of a TP53

mitation.

50. Autologous T cells expressing an anti-CD19 CAR for use in a method for treating MCL

according to any one of claims 29 through 49,

. Use of autologous T cells expressing an anti-C19 CAR in the manufacture of a

medicament for treating MCL according to any one of clairas 29 through 50.

. A method for treating a cancer selected from the group consisting of Waldenstrom

Macroglobulinemia, Richter Transformation, Burkitt Lymphoma, and Hairy Cell
Leukemia in a subject in need thercof comprising administering to the subject a
therapeutically cffective amount of a T cell product comprising autologous T cells
expressing an anti-CD19 chimeric antigen receptor (CAR). wherein the subject receives
bridging therapy after leukapheresis and before conditioning/lymphodepleting

chemotherapy.

The method of claim 52, wherein the cancer is refractory o, of has relapsed following,
one or more of chemotherapy, radiotherapy, tmnwinotherapy, an autologous stern cell

transplant, or any combination thereof.
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60.

. The method of claim 52 or 53, wherein the bridging therapy is completed 27 days or §

half-lives before a conditioning chemotherapy.

. The method of any one of claims 52 to 54, wherein the subject receives a

fymphodepleting chemotherapy regimen of cyclophosphamide 500 mg/m” intravenousty
and fladarabine 30 mg/m2 intravenously, both given on each of the fifth, fourth, and third

days before T cell infusion.

. The method of any one of claims 52 to 55, wherein the cancer is Richter Transformation

and the bridging therapy is selected from the group consisting of Rituximab,
Cyclophospharoide, Hyvdroxydaunorubicin hydrochloride, vineristine, and Prednisone
(R-CHOP); Dose Adjusted Etoposide, Prednisone, Vineristine, Cyclophospharide,
Doxonibicin, and Rituximab (DA-EPOCH-R); Bruton Tyrosine Kinase inhibitor (BTKi)

{(BTKi) & VTX-2337; dexamethasone; and {rradiation.

The method of any one of claims 52 to 55, wherein the cancer is Burkitt Lymphoma and
the bridging therapy is selected from the group consisting of Rituximab, Hosfamide,
Carboplatin, and Etoposide (R-ICE); Dose Adjusted Etoposide, Prednisone, Vincristine,
Cyclophosphamide, Doxorubicin, and Rituximab (DA-EPOCH-R); Rituximab,
Gemeitabine, and Oxaliplatin (R-GEMOX); cyclophosphamide, vineristine suifate,
doxorubicin hydrochloride, and dexamethasone (HyperCVAD); dexarethasone; and

irradiation.

. The method of any one of claims 52 to 55, wherein the cancer is Waldenstrom

Macroglobulinemia and the bridging therapy is ibrutinib.

3. The method of any one of claims 52 to 58, wherein the T cell product comprises CD4+

and CD&+ CAR T cells that are prepared from peripheral blood mononuciear cells
(PBMCs) by positive entichment and consequent partial or complete depletion of

circulating cancer cells.

The method of claira 59, wherein the PBMC are enriched for T cells by positive
selection for CD4+ and CD8+ cells, activated with anti-CD3 and anti-CD28 antibodies
in the presence of Ho-2, and then transduced with a replication-incorpetent viral vector
containing FMC63-287 CAR, a chimeric antigen receptor (CAR) comprising an anti-

D19 single-chain variable fragment {scFv), CD28 and CD3-zeta domains.
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61.

62.

66.

[o))

69.

The method of claims 59 or 60, wherein the T cell product comprises fewer cancer cells
than a T cell product comprising T cells from a leukapheresis-derived product that has

not been positively selected for CD4+ and CDE+ T cells.

The method of any one of claims 59 1o 61, wherein the T cell product has other superior
product atiributes relative to a T cell product comprising T cells from 4 leukapheresis-
derived product that have not been positively selected/enriched for CDM4+ and CD8+ T

cills.

. The method of claim 62, wherein the superior product attributes are selected from

increased percentage of CDRA45+CCRT+ (naive-like) T cells, decreased percentage of
differentiated T cells, increased percentage of CD3+ cells, decreased TFN-gamma

production, decreased percentage of CD3- cells.

-
3

. The method of any one of claims 52 through 63, wherein the subject is adnunistered one

or more doses of 1.8x10°% 1.9x10° or 2x10° CAR positive viable T cells per kg body
weight, with a maximurm of 2x10° CAR positive viable T cells (for patients 100 kg and

above).

. The method of any one of claims 52 through 64, wherein the subject is monitored for

signs and symptoms of cytokine release syndrome (CRS) and neurclogic toxicity after T

cell administration.

The method of claim 65, wherein the subject s monitored daily for at least seven days,
preferably for four weeks, following infusion for signs and symptoms of CRS and

neurologic toxicity.

7. The method of claim 65 or 66, wherein the signs or syroptoms associated with CRS

include fever, chills, fatigue, tachycardia, nausea, hypoxia. and hypotension and the signs
or syraptoms associated with neurologic events include encephalopathy, seizures,

changes in level of consciousness, speech disorders, tremors, and confusion.

. Autologous T cells expressing an anti-CD19 CAR for use in a method for treating cancer

according to any one of claims 52 to 67.

Use of autologous T cells expressing an anti-CD9 CAR in the manufacturing of a

redicament for treating cancer according to any one of claims 52 through 67
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74

72.

74.

75.

A method for treating a cancer in a subject in need thereof wherein the subject has
previously been administered a first T cell product comprising autologous T cells
expressing an anti-CD19 chimeric antigen receptor (CAR), further wherein a peripheral
blood sarople has been taken from the subject after administration of the fivst T cell
product,

comprising (&) measuring the level of CDS+CD27-CD28+T-cells in the blood sample,
and (b) if the level of CDR+CD27-CD28+T-cells in the blood sample is elevated,

administering to the subject a second T cell product.

. A method for treating a cancer in a subject in need thereof wherein the subject has

previously been administered a first T cell product comprising autologous T cells
expressing an anti-CD19 chumeric antigen receptor (CAR), further wherein a peripheral
blood sample has been taken froro the subject after administration of the first T cell
product,

comprising (a) measuring the level of CDE+CCRT-CD4SRA+CD2T-CD28+ T-cells in
the blood sanmple,

and (b} if the level of CDEHCCRT-CED45RA+CD27-CD28+ T-cells in the bood sample

is elevated, administering to the subject a second T ccl product.

The method of claim 70 or 71, wherein the first T cell product comprises CD4+ and
CDE+ T cells that have been prepared from peripheral blood mononuclear cells
(PBMCs) by positive enrichmoent and consequent partial or complete depletion of

circolating cancer cells.

3. The method of claim 72, wherein the CD4+ and CD8+ T cells have been activated with

an{i-CD3 and anti-CD28 antibodies in the presence of 1L-2, and then transduced with a
replication-incompetent viral vector encoding, a chimeric antigen receptor (CAR)
comprising an anti-CD19 single-chain variable fragment (scFv), CD28 and CD3-zeta

domains.,

The method of any one of claims 70 to 73, wherein the cancer is selected from the group
consisting of mantle celf lymphoma (MCL), B cell ALL, Waldenstrom
Macroglobulinemia, Richter Transformation, Burkitt Lympboma, and Hairy Cell

Leukemia.

The method of claim 74, wherein the cancer 1s MCL.
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76.

78.

79.

80,

84.

jes)
A

86.

The method of any one of claims 70 to 75, wherein the blood sample has been taken

from the subject between day 5 and 9 after administration of the first T cell product.

. The method of claim 76, wherein the blood sample has been taken from the subject

between day 6 and 8 after administration of the first T cell product.

The method of claim 77, wherein the blood sample has been taken from the subject on

Day 7 after administration of the first T cell product.

The method of any one of claims 70 to 75, wherein the blood sample has been taken

from the subject between day 12 and 16 after adroinistration of the first T cell product.

The roethod of claira 79, wherein the blood saraple has been taken from the subject

between day 13 and 15 after administration of the first T cell product.

1. The method of claim 80, wherein the blood sample has been taken froro the subject on

Day 14 after administration of the first T cell product.

2. The method of claim 70, wherein an elevated level of CD8+CD27-CD28+T-cells for the

subject is determined by comparison to other subjects who have received a comparable T
cell product and have bad a peripheral blood sarople taken on the same day after T cell

product administration.

The method of clairn 71, wherein an elevated level of CD8+CCRT-CD4SRA+LD27-
CD28+T-cells for the subject is determined by comparison to other subjects who have
received a comparable T cell product and have had a peripheral blood sample taken on

the same day after T cell product administration.

The method of any one of claims 70 to 83, wherein the second T cell product is selected
from the group consisting of an avtologous CD19/CD20 bi-cistronic T-cell product and

an allogenic T-cell product.

y. A T-cell product for use in a method for treating cancer according o any one of claims

70 10 84.

Use of a T-cell product in the manufacture of a medicament for treating cancer according

to any one of claims 70 1o 84.
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87.

88.

89.

G0,

A method for monitoring a subject who has previously been admunistered a figst T cell
product comprising autologous T cells expressing an anti-CD 19 chimeric antigen
receptor (CAR), comprising

(a) taking a blood sample from the subject after adroinistration of the furst T cell product,
(b) measuring the level of CD8+CD27-CD28+T-cells in the blood sample, and

(¢) prescribing a course of treatment based on the level of CD8+CD27-CD28+T-cells in
the blood samaple, wherein if the level of CDE+CD27-CD28+T-cells is elevated then a

second T cell product is administered.

A method for monitoring a subject who has previously been administered a first T cell
product comprising autologous T cells expressing an anti-CD19 chimeric antigen
receptor (CAR), coroprising

{a) taking a blood saraple from the subject after administration of the first T cell product,
{b} measuring the level of CD8+CCR7-CD4SRA+CD27-CD28+ Tcells in the blood
sample, and

(¢} prescribing a course of treatment based on the level of CDEHCCRT-CI4SRA+CD2T-
CD28+T-cells in the blood sample, wherein if the level of CDE+CCRT-CD45RAHCD27-

CD28+T-cells is clevated then a second T cell product is administered.

A method for monitoring a subject who has previcusly been administered a first T cell
product corprising autologous T cells expressing an anti-C 19 chimeric antigen
receptor (CAR), comprising

(a) taking a blood sample from the subject after administration of the first T cell product,
(b) measuring the level of CD27+CD28- CD4+ CD3+ T-cells in the blood sample, and
() prescribing 4 course of treatment based on the level of CD27+CD28- CD4+ CD3+ T-
cells in the blood sample, wherein if the level of CD27+CD28- CD4+ CD3+T-cells is

clevated then a second T celf product is not administered.

A method for monitoring a subject who has previously been administered a first T cell
product comprising autologous T cells expressing an anti-CD/9 chimeric antigen
receptor (CAR), comprising

{a) taking a blood sample from the subject after administration of the first T cell product,
{b} measuring the level of PDI+ CCR7+CD45RA- CD8+ D3+ T-cells in the blood
samptle, and

(¢} prescribing a course of treatiment based on the level of PD 1+ CCR7+CD4SRA- CD8+

- 155 -
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CD3+ T-cells in the blood sample, wherein if the level of PD+ CCR7+CD45RA- CDB+

CD3+ T-cells is elevated then a second T cell product is not administered.



