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METHODS FOR STEM CELL TRANSPLANTATION

BACKGROUND

Allogeneic hematopoietic stem cell transplantation (allo HSCT) is a potentially curative
treatment for many patients with hematological malignancies.! The clinically preferred source
for stem cells is a human leukocyte antigen (HLA) matched sibling donor or an HLA-matched
unrelated donor.? Unfortunately many patients, particularly those of ethnic minority groups, do
not have an HLA-matched sibling or unrelated donor. Registry searches can also be
inappropriately time-consuming in some high-risk patients. Therefore, alternative sources of
HSCT grafts have been clinically used. These options include the use of donor cells from a
partially HL.A matched (haploidentical) family member.>

Haploidentical HSCT has been shown to achieve long-term survival and cure in patients
who require allogeneic HSCT with no HLA-matched donor? However, the success of
haploidentical HSCT has been hindered by multiple complications. The HLA disparity
between the donor and recipient can induce high risks of graft rejection, graft versus host
disease (GvHD), and delayed immune reconstitution with subsequent infectious
complications.* The use of intense immunosuppression regimens (to prevent GvHD) may, at
least in theory, abrogate the graft versus tumor (GvT) effect portending an increased risk of
disease relapse. The GvT effect after allo HSCT has been shown to correlate with a decreased
risk of relapse.>® Thus, the infused donor T-cells can have beneficial effects (engraftment,
immune reconstitution, and GvT) and also exert a harmful (and sometimes fatal) effect of
GvHD. For these reasons, researchers have looked at ways to engineer cellular therapies that
will provide the optimum ratio of T-cell subsets that may provide a sufficient number of cells
to maintain engraftment and optimize GvT effect, while minimizing the allo-reactive T-cells
that can lead to GvHD.

The present disclosure provides methods and compositions useful in HSCT that
maximize a beneficial effect of infused donor T-cells (including, but not limited to,

engraftment, immune reconstitution, and GvT) while minimizing a harmful effect (such as, but

not limited to, GVHD).
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SUMMARY OF THE INVENTION

The present disclosure provides a method of HSCT using a combination of an in-vivo
T-cell depletion method after transplantation of minimally manipulated peripheral blood stem
cells (PBSC), with an ex-vivo method of y0 T cell enrichment and/or expansion and/or afj T
cell depletion to provide improved methods of HSCT.

In a first aspect, the present invention provides a method for allogeneic HSCT, the
method comprising: i) administering to a subject on day 0 an allogeneic haploidentical
hematopoietic stem cell graft infusion; ii) after day 0 administering to the subject an agent
which provides in vivo T cell depletion; and iii) after administering the agent which provides in
vivo T cell depletion and at about +7 to +25 days relative to day 0, administering to the subject
a y0 T cell product, wherein the yd T cell product comprises an expanded population of yo T
cells and is depleted in a3 T cells, and further wherein the cell product comprises greater than
or equal to 60% 3 T cells, less than or equal to 5% af§ T cells, and less than or equal to 25%
NK cells as determined by flow cytometric analysis using cell viability stain.

Also described herein is a method of HSCT comprising: i) administering to a subject
on day 0 a minimally manipulated haploidentical hematopoietic stem cell graft infusion
comprising PBSC; ii) administering to the subject an agent which provides in vivo T cell
depletion; iii) optionally expanding a population of yd T cells ex vivo; iv) administering to the
subject a second graft infusion comprising T cells is enriched in yd T cells and depleted in af T
cells.

Also described herein is a method of HSCT comprising: 1) administering to a subject
on day 0 a haploidentical hematopoietic stem cell graft infusion comprising PBSC; ii)
administering to the subject an agent which provides in vivo T cell depletion; iii) expanding a
population of yd T cells ex vivo; iv) administering to the subject a second graft infusion
comprising the expanded population of ¥ T cells, wherein the expanded population of yd T
cells is enriched in yd T cells and depleted in af T cells.

Also described herein is a method of HSCT comprising: i) administering to a subject
on day 0 a minimally manipulated haploidentical hematopoietic stem cell graft infusion
comprising PBSC; ii) administering to the subject an agent which provides in vivo T cell
depletion; iii) expanding a population of yd T cells ex vivo; iv) administering to the subject a
second graft infusion comprising the expanded population of y0 T cells, wherein the expanded
population of yd T cells is enriched in yd T cells and depleted in aff T cells.

Also described herein is a method of HSCT comprising: i) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC to
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provide a PBSC product and a second portion of PBSC that is manipulated to provide a yd T
cell product which is enriched in y0 T cells and depleted in af T cells; iii) administering to a
subject on day 0 a hematopoietic stem cell graft infusion comprising the PBSC product; iv)
administering to the subject an agent which provides in vivo T cell depletion; v) optionally
expanding a population of Y3 T cells ex vivo in the y0 T cell product and vi) administering to
the subject a second graft infusion comprising the y0 T cell product.

Also described herein is a method of HSCT comprising: i) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC which is
minimally manipulated to provide a PBSC product and a second portion of PBSC that is
manipulated to provide a yd T cell product which is enriched in yd T cells and depleted in a} T
cells; iii) administering to a subject on day O a hematopoietic stem cell graft infusion
comprising the PBSC product; iv) administering to the subject an agent which provides in vivo
T cell depletion; v) optionally expanding a population of yd T cells ex vivo in the yd T cell
product and vi) administering to the subject a second graft infusion comprising the yo T cell
product.

Also described herein is a method of HSCT comprising: i) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC to
provide a PBSC product and a second portion of PBSC that is manipulated to provide a yd T
cell product which is enriched in y0 T cells and depleted in af T cells; iii) administering to a
subject on day 0 a hematopoietic stem cell graft infusion comprising the PBSC product; iv)
administering to the subject an agent which provides in vivo T cell depletion; v) expanding a
population of 0 T cells ex vivo in the y0 T cell product and vi) administering to the subject a
second graft infusion comprising the yd T cell product.

Also described herein is a method of HSCT comprising: i) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC which is
minimally manipulated to provide a PBSC product and a second portion of PBSC that is
manipulated to provide a yo T cell product which is enriched in yd T cells and depleted in a T
cells; iii) administering to a subject on day O a hematopoietic stem cell graft infusion
comprising the PBSC product; iv) administering to the subject an agent which provides in vivo
T cell depletion; v) expanding a population of yd T cells ex vivo in the yd T cell product and vi)
administering to the subject a second graft infusion comprising the Y5 T cell product.

In certain embodiments of the above aspects, the described methods of HSCT will
maximize a beneficial effect of infused donor T-cells (including, but not limited to,

engraftment, immune reconstitution, and GvT). In certain embodiments of the above aspects,
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the described method of HSCT will minimize a harmful effect of infused donor T-cells (such
as, but not limited to, GVHD). In certain embodiments of the above aspects, a combination of

the foregoing is achieved. In certain embodiments of the above aspects, the PBSC grafts are

3a
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collected from haploidentical donors and the cell product divided into a minimally manipulated
HSCT product that will be administered to the subject on day 0 (as is standard in HSCT) and a
v T cell product that will be administered to the subject after day 0. In certain embodiment,
the y& T cell product is administered to the subject up to 25 days after day 0. In certain
embodiments, y0 T cell product is administered to the subject >3 days after in vivo T cell
depletion is initiated. In. certain embodiments, the y8 T cell product is expanded ex vivo to
increase the number of y8 T cells in the yd T cell product. In certain embodiments, the y8 T cell
product is enriched in y8 T cells. In certain embodiments, the y6 T cell product is depleted in
of T cells. In certain embodiments, the yd T cell product is expanded ex vivo to increase the
number of Y3 T cells inthe yd T cell product and depleted in ap T cells. In certain embodiments,
the y8 T cell product is enriched in y8 T cells and depleted in aff T cells.

In certain embodiments of the above aspects, the methods of the present disclosure may
be used in conjunction with any condition for which HSCT is used.

In certain embodiments of the above aspects, the methods of the present disclosure may
be used in conjunction with a preparative chemotherapy regimen; such preparative
chemotherapy regimen is preferably initiated prior to day 0.

In certain embodiments of the above aspects, the methods of the present disclosure are
used in combination with an in vivo T cell depletion protocol which is initiated after day 0. In
certain embodiments of the above aspects, the in vivo T cell depletion protocol is post-
transplant administration of cyclophosphamide (CY).

In certain embodiments of the above aspects, the methods of the present disclosure may
be used in conjunction with a GVHD prophylaxis regimen; such GvHD prophylaxis regimen is
preferably initiated after day 0.

In certain embodiments of the above aspects, the methods of the present disclosure may

be used in conjunction with growth factor treatment; such growth factor treatment is preferably

initiated after day O.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 Shows one embodiment of a preparative regimen for myeloid diseases using
Fludarabine/Busulfan/TBI.

FIG. 2 Shows one embodiment of a preparative regimen ALL or Lymphoma patients 40 years

old and younger using TBI/cyclophosphamide.
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FIG. 3 Shows one embodiment of a preparative regimen for ALL or Lymphoma patients older

than 40 years of age or at any age with major comorbidities.

DETAILED DESCRIPTION
Definitions

As used herein, the term “minimally manipulated” means that the PBSC pool isolated
from a donor (such as a haploidentical donor) is not subject methods or procedures that alter
the relevant biological characteristics of the cell. The act of removing a portion of the PBSCs
from the PBSC pool isolated from a donor (such as to produce a yd T cell product) as described
herein or other routine steps in the preparation, processing and/or storage of the PBSC pool
(such as, but not limited to, density-gradient separation, cell selection, centrifugation, and
cryopreservation) results in a PBSC pool that is still “minimally manipulated” as the sampling
does not enrich and/or deplete a particular population of cells. In a particular aspect, the PBSC
pool isolated from a donor (such as a haploidentical donor) is not subject methods or procedures
that enrich and/or deplete a particular population of cells (such as, but not limited to, y8 T cells)
from the PBSC pool prior to administration to the subject.

As used herein the term “depleted in” means that the number or concentration of a
particular cell type in a population of cells has been decreased (for example as the result of a
particular manipulation or procedure) from an initial original level to a reduced second level.
The term does not require a complete removal of the particular cell type from the population
of cells. As an example, a population of T cells is “depleted in” afy T cells if the number or
concentration of aff T cells in a composition administered to a subject is decreased as compared
to the number or concentration of af T cells originally present (such as in a pool of PBSCs
obtained from a donor).

As used herein the term “enriched‘in” means that the number or concentration of a
particular cell type in a population of cells has been increased (for example as the result of a
particular manipulation or procedure) from an initial original level to a higher second level. As
an example, a population of T cells is “enriched in” y3 T cells if the number or concentration

of y& T cells in a composition administered to a subject is increased as compared to the number

or concentration of yd T cells originally present (such as in a pool of PBSCs obtained from a

donor).

General Description
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The majority (~ 80%) of infused donor lymphocytes are T-cells (other infused cells are
B-cells and NK cells). T-cells have been shown to be the key player in the post-transplant
immune phenomena (stem cell engraftment, GVHD, GVT, and immune reconstitution) with B-
cells and NK cells likely contributing supportive roles (1, 7). The majority (~ 95%) of T-cells
carries alpha-beta T-cell receptors (af|-TCR); referred to as alpha-beta T-cells (af T-cells). A
small proportion of T-cells carry a different T-cell receptor, y8-TCR, referred to as gamma-
delta T-cells (y8 T cells)

The y3 T cells have been shown to have an anti-tumor activity. They are considered to
be a part of the innate immune system preventing development of new cancer and also
protecting from infections via immune surveillance function (8). Unlike the common T-cell
subtype, af T-cells, yd T cells do not require antigen recognition to kill malignant cells (9).
Thus, they have been advocated for use against cancer (9). The NK cells, another type of innate
immune cells, have also shown to have an anti-tumor effect and to promote immune
reconstitution after HCT without increasing the risk of GvHD (10, 11).

vd T cells have been shown to have an anti-leukemic effect in partially mismatched
transplant without increasing the risk of GvHD (12, 13). In a retrospective analysis, the 5-year
leukemia-free survival (LFS) and overall survival (OS) was higher in patients who recovered
with increased yd T cells as compared to those with normal or decreased numbers; 54 vs 19%
(P < 0.0003) and 71 vs 20% (P < 0.0001) respectively. There were no differences in the
incidence of GvHD in both groups (P = 0.96) (14). Handgretenger et al. used aff T-cell
depletion to preserve the yd T cells with haploidentical HCT. These studies showed rapid
engraftment with rapid immune reconstitution (8, 15).

Haploidentical transplant patients are currently being gathered into a Phase I trial in
which patients receive post-transplant cyclophosphamide (CY) following a minimally
manipulated graft. A second graft from the same donor is selectively depleted of aff T cells
and infused on post-HSCT day +7. To this point, three patients have been enrolled on the study
without evidence of GVHD.

Unlike afy T cells which recognize specific processed peptide antigens presented on
MHC molecules by antigen presehting cells (APCs), y0 T cells appear to directly recognize
and respond to a variety of MHC-like stress-induced self-antigens expressed by malignant cells

(12-16). Thus, yd T cells can recognize malignant cells through less specific mechanisms that
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require no prior antigen exposure or priming, a function that is shared by other innate immune
cells such as macrophages and NK cells (8).

Animal studies and indirect evidence from human allogeneic transplant studies suggest
that y8 T cells can facilitate alloengraftment. Blazar (23), in a murine allogeneic transplant
model, found that donor ¥8 T cells facilitate the engraftment of T-cell depleted (TCD) donor
bone marrow. When TCD C.B-17%¥¢ donor marrow was supplemented with up to 3 x 10°y5
T cells prior to infusion into B6 recipients, donor chimerism increased by approximately 40%.
Drobyski noted similar findings in C57BL/6 [H-2°] — B1-.BR [H-2} mismatched mice (24),
and later showed that the y3 T cells dose necessary to facilitate engraftment did not result in
lethal murine GvHD (25). Niepp (26) showed similar findings in a rat model where lethally
irradiated (Wistar Furth WF-RTIA) rats were reconstituted with 1 x 10® oy TCD bone marrow.
All animals engrafted with a mean of 92 + 4% donor cells and no clinical evidence of GvHD.
Studies comparing patients who received afy TCD grafts with those receiving pan-TCD grafts also

show a positive association between the number of clonable y3 T cells in the graft with less time

to engraftment (27, 28).
v& T cells do not initiate GvHD

Both murine and human studies suggest that vy T cells are not primary initiators of GvHD

and may in fact modulate fhe GvHD activity of afy T cells. Drobyski (25) showed that large doses
of

IL-2 expanded y8 T cells could be infused into lethally irradiated MHC-disparate mice (C57BL/6
[H-2°] a BIO.BR [H-2k] and C57BL/6 [H-2°] a B6D2F1 [H-2"]) without causing GvHD. Ellison
(29) noted that yd T cells were activated in the GvHD reaction but found no evidence that GvHD
was initiated by y0 T cells. This work is in agreement with later studies by Drobyski (25) who
showed that although activated yd and naive af T cells exacerbated GvHD when infused together,
delaying the infusion of a3 T cells by two weeks resulted in improved survival. In human studies,
Schilbach (30) and Lamb (31) found y8 T cells not to be substantially activated in the in vitro
allogeneic mixed lymphocyte culture. Several post-BMT studies have shown transient increases in
vd T cells (32-34) but have not associated this finding with GvHD, although Tsuji (35) found that
¥8 T cells could be recruited into lesions and activated by CD4+ a3 T cells. Several studies that
compare outcomes of patients who received af TCD grafts with patients who received pan-TCD
grafts all show a lower incidence of GvHD in the oy TCD group, suggesting that infusion of y§ T
cells in the graft does not subject the patient to an increased risk of GvHD (36, 37). Whether y6 T

cells are truly less likely to contribute to the development of GVHD remains untested, however.
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Six-year survival data from 25 patients who developed a spontaneous increase in yd T cells
during the first year following BMT for ALL or AML show a significant improvement in disease-
free survival (DFS) when compared with similar risk patients (p = 0.009 for ALL patients and
.045 for AML patients) (12, 38). A finding from the study was the persistence of an increased
number of V314 v8 T cells in surviving patients, sometimes for several years. The persistence
of the cells is dependent on the method of T cell depletion, as patients who received aff T cell-
depleted grafts were more likely to develop and sustain increased y6 T cell numbers than
patients who received grafts that were depleted with OKT3, a pan T cell monoclonal antibody
(p=0.05) (38).

The administration of CY within a few days after infusion of T-cell replete HCT
depletes allo-reactive T-cells of both the donor and host, thus inhibiting both GvHD and graft
rejection respectively (17-21). It is hypothesized that high-dose CY can deplete the
proliferating allo-reactive T-cells sparing the non-proliferative (inactive) T-cells (21). The use
of post-transplant cyclophosphamide after haploidentical HCT has shown promising results by
investigators at Johns Hopkins University and Fred Hutchinson Cancer Research Center (22).
The most unfortunate outcome of this approach remained the high relapse rate of 51% at 1 year
(23). The Bone Marrow Transplant Clinical Trials Network (BMT-CTN) conducted a clinical
trial (CTN 0603) using the same approach of haploidentical HCT with a reported relapse rate
of 45% (24). Thus despite the reduction of GvVHD using this approach in haploidentical HCT,
the high risk of relapse (45-51%) remained a challenge. The increased risk of relapse may be
due to the lack of effective graft versus tumor effect. It is particularly apparent with the use of

non-myeloablative regimens, as graft versus leukemia (GVL) effect is the only anti-tumor

effect in this setting.
Methods of HSCT

The present disclosure provides methods of HSCT. In one embodiment, the present
disclosure provides a method of HSCT using a combination of an in-vivo T-cell depletion
method (for example, post-transplant cyclophosphamide), with an ex-vivo method of ¥y T cell
expansion and a8 T cell depletion (using, for example the CLINIMACS® System). The in-vivo
T-cell depletion (for example, infusion of CY after infusion of a minimally manipulated stem
cell graft) depletes (in-vivo) the alloreactive T cells that would otherwise increase the risk of
GvHD. The ex-vivo expanded/activated yd T cell product will be selectively depleted of af T

cells but will also include a secondary population of NK cells.
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In one embodiment, the method of HSCT comprises: 1) administering to a subject on
day 0 a haploidentical hematopoietic stem cell graft infusion comprising PBSC; ii)
administering to the subject an agent which provides in vivo T cell depletion; iii) optionally
expanding a population of 8 T cells ex vivo; and iv) administering to the subject a second graft
infusion comprising T cells enriched in yd T cells and depleted in off T cells.

In another embodiment, the method of HSCT comprises: i) administering to a subject
on day 0 a minimally manipulated haploidentical hematopoietic stem cell graft infusion
comprising PBSC; ii) administering to the subject an agent which provides in vivo T cell
depletion; iii) optionally expanding a population of y& T cells ex vivo; and iv) administering to
the subject a second graft infusion comprising T cells enriched in y8 T cells and depleted in o3
T cells.

In another embodiment, the method of HSCT comprises: i) administering to a subject
on day 0 a haploidenﬁcal hematopoietic stem cell graft infusion comprising PBSC; ii)
administering to the subject an agent which provides in vivo T cell depletion; iii) expanding a
population of y& T cells ex vivo; iv) administering to the subject a second graft infusion
comprising the expanded population of y8 T cells, wherein the expanded population of yv& T
cells is enriched in ¥ T cells and depleted in a3 T cells.

In another embodiment, the method of HSCT comprises: i) administering to a subject
on day 0 a minimally manipulated haploidentical hematopoietic stem cell graft infusion
comprising PBSC; ii) administering to the subject an agent which provides in vivo T cell
depletion; iii) expanding a population of yd T cells ex vivo; iv) administering to the subject a
second graft infusion comprising the expanded population of y3 T cells, wherein the expanded
population of y3 T cells is enriched in yd T cells and depleted in o3 T cells.

In another embodiment, the method of HSCT comprises: i) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC to
provide a PBSC product and a second portion of PBSC that is manipulated to provide a y8 T
cell product which is enriched in y& T cells and depleted in af T cells; iii) administering to a
subject on day 0 a hematopoietic stem cell graft infusion comprising the PBSC product; iv)
administering to the subject an agent which provides in vivo T cell depletion; v) optionally
expanding a population of yd T cells ex vivo in the y3 T cell product and vi) administering to
the subject a second graft infusion comprising the y& T cell product.

In another embodiment, the method of HSCT comprises: 1) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC which

9
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is minimally manipulated to provide a PBSC product and a second portion of PBSC that is
manipulated to provide a yd T cell product which is enriched in yd T cells and depleted in of
T cells; iii) administering to a subject on day 0 a hematopoietic stem cell graft infusion
comprising the PBSC pfoduct; iv) administering to thé subject an agent which provides in vivo
T cell depletion; v) optionally expanding a population of yd T cells ex vivo in the y8 T cell
product and vi) administering to the subject a second graft infusion comprising the v T cell
product.

In another embodiment, the method of HSCT comprises: i) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC to
provide a PBSC product and a second portion of PBSC that is manipulated to provide a y& T
cell product which is enriched in y3 T cells and depleted in af T cells; iii) administering to a
subject on day 0 a hematopoietic stem cell graft infusion comprising the PBSC product; iv)
administering to the subject an agent which provides in vivo T cell depletion; v) expanding a
population of y3 T cells ex vivo in the y3 T cell product and vi) administering to the subject a
second graft infusion comprising the y8 T cell product.

In another embodiment, the method of HSCT comprises: 1) obtaining a pool of PBSC
from a haploidentical donor; ii) splitting the pool of PBSC into a first portion of PBSC which
is minimally manipulated to provide a PBSC product and a second portion of PBSC that is
manipulated to provide a ¥y T cell product which is enriched in y8 T cells and depleted in o3
T cells; iii) administering to a subject on day 0 a hematopoietic stem cell graft infusion
comprising the PBSC product; iv) administering to the subject an agent which provides iz vivo
T cell depletion; v) expanding a population of 8 T cells ex vivo in the yd T cell product and vi)
administering to the subject a second graft infusion comprising the yd T cell product.

In one embodiment of any of the foregoing, the method comprises administering to a
subject a haploidentical PBSC infusion on day 0 followed by a y8 T cell infusion at +7 to plus
+25 days.

In one embodiment of any of the foregoing, the method further comprises administering
a preparative chemotherapy regimen prior to day 0.

In one embodiment of any of the foregoing, the method further comprises administering

a T-cell depletion protocol after day 0.

In one embodiment of any of the foregoing, the method further comprises administering

a GvHD prophylaxis regimen after day 0.
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In one embodiment of any of the foregoing, the method further comprises
administering a growth factor after day O.

" In one embodiment of any of the foregoing, the method further comprises a
combination of at least two of: (i) administering a preparative chemotherapy regimen prior to
day 0; (ii) administering a T-cell depletion protocol after day 0; (iii) administering a GvHD
prophylaxis regimen after day 0; and (iv) administering a growth factor after day 0.

In one embodiment of any of the foregoing, the method further comprises a
combination of at least three of: (i) administering a preparative chemotherapy regimen prior to
day 0; (ii) administering a T-cell depletion protocol after day 0; (iii) administering a GvHD
prophylaxis regimen after day 0; and (iv) administering a growth factor after day 0.

In one embodiment of any of the foregoing, the method further comprises a
combination of each of: (i) administering a preparative chemotherapy regimen prior to day 0;
(ii) administering a T-cell depletion protocol after day 0; (iii) administering a GvHD
prophylaxis regimen after day 0; and (iv) administering a growth factor after day 0.

In one embodiment of any of the foregoing, the described method of HSCT will
maximize a beneficial effect of infused donor T-cells (including, but not limited to,
engraftment, immune reconstitution, and GvI). In another embodiment of any of the
foregoing, the described method of HSCT will minimize a harmful effect of infused donor T-
cells (such as, but not limited to, GVHD). In yet another embodiment of any of the foregoing,
a combination of the foregoing is achieved by the method. -

In one embodiment of any of the foregoing, PBSC grafts are collected from
haploidentical donors and the cell product divided into an minimally manipulated HCT product
that will be given on transplant day (as is standard in HSCT) and a yd T cell product that will
be given up to 25 days after the transplant, for example, in one embodiment, >3 days after .
Using the methods of the present disclosure, boosting the ¥ T cells (via infusion) after the
post-transplant “reduction of alloreactive T-cells that cause GvHD with a rapid
immunosuppression taper will decrease the risk of relapse of hematological malignancy after
haploidentical HCT.

In one embodiment of any of the foregoing, the number of PBSC infused in the
haploidentical hematopoietic stem cell graft infusion is as known in the art. The selection.of
the number of cells to be infused may depend on a number of factors as is known in the art,
such as but not limited to, the disease or condition to be treated and the condition of the subject.

In one embodiment of any of the foregoing, up to 5 x 108 ¥8 T cells are infused in the

second graft infusion. In one embodiment any of the foregoing, 1 x 107 y8 T cells are infused
Y
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in the second graft infusion. In one embodiment any of the foregoing, up to 5 x 10°y8 T cells
are infused in the second graft infusion. In one embodiment of any of the foregoing, up to 5 x
10® v8 T cells/kg are infused in the second graft infusion. In one embodiment any of the
foregoing, 1 x 107 y8 T cells/kg are infused in the second graft infusion. In one embodiment
any of the foregoing, up to 5 x 10® v T cells/kg are infused in the second graft infusion. The
selection of the number of cells to be infused may depend on a number of factors as is known
in the art, such as but not limited to, the disease or condition to be treated and the condition of
the subject.

In one embodiment, the second graft infusion or the y8 T cell product contains >60%
v8 T cells. In one embodiment, the second graft infusion or the yd T cell product contains >60%
vd T cells and < 5% af T. In one embodiment, the second graft infusion or the y8 T cell product
contains >60% 3 T cells, < 5% aff T cells and <25% NK cells.

In one embodiment of any of the foregoing, the methods of the present disclosure may
be used in conjunction with any condition for which HSCT is used. In another embodiment of
any of the foregoing, the condition is selected from one of the following: (i) patients with
neoplastic hematological disorders with indication of allogeneic transplant according to the
National Comprehensive Cancer Network (NCCN) or other standard guideliﬁes as follows; (a)
Acute lymphoblastic leukemia [ALL]* with high—risk features or relapsed disease (relapsed
ALL); (b) Hodgkin?® or Non-Hodgkin lymphoma?’ [HL or NHL]: relapsed disease where
remission duration is less than 1 year, relapse after previous autologous transplant, or failure
to achievé complete response (CR) with chemotherapy; and (¢) Myeloid malignancy ( such as
for example acute myeloid leukemia [AML]?® with intermediate/high-risk features (per NCCN
criteria) or relapsed disease, OR chronic myeloid leukemia [CML]? in hematological
remission or chronic phase).?; (ii) myeloid disorder (such as for example myelodysplastic
syndrome [MDSJ]® with intermediate/high risk features or refractory disease or
myeloproliferative disorder; primary or secondary if high-risk features or refractory disease)?!
and (iii) other conditions, such as, but not limited to, astrocytoma, ATRT (Atypical Teratoid
Rhaboid Tumor), brain stem glioma, choroid plexus tumors, carcinoma and papilloma,
craniopharyngioma, desmoplastic infantile astrocytoma, germ cell tumor, medulloblastoma,
neurofibromatosis, oligodendroglioma, optic glioma, neuroblastoma, Ewing’s Sarcoma, and
PNET (Primitive Neuroectodermal Tumor).

In one embodiment of any of the foregoing, the methods of the present disclosure may

be used in conjunction with a preparative chemotherapy regimen. In one embodiment, the
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preparative chemotherapy regimen is any known in the art. In another embodiment, the
preparative chemotherapy regimen is one of the following (each of which is described in the
methods section herein): (i) for myeloid diseases, the Fludarabine/Busulfan/total body
irradiation preparative therapy may be used; (ii) for ALL or aggressive NHL or HL in patients
</= 40 years of age with no major comorbidities, the total body irradiation/cyclophosphamide
(TBI/CY) preparative regimen may be used; or (iii) for ALL or lymphoma in patients who are
older than 40 years, or at any age with major comorbidities that portends high non-relapse
mortality (NRM) with high intensity Cy/TBI, the Fludarabine/ TBI preparative regimen may
be used.

In one embodiment of any of the foregoing, the methods of the present disclosure are
used in combination with a in vivo T cell depletion protocol. In one embodiment, any such
protocol known in the art may be used. In one embodiment, the T cell depletion protocol is
cyclophosphamide treatment between days +1 and +10. In one embodiment, the T cell
depletion protocol is cyclophosphamide treatment at between 30 and 70 mg/kg or 50 mg/kg.
In one embodiment, the T cell depletion protocol is cyclophosphamide treatment at between
30 and 70 mg/kg or 50 mg/kg at days +3 and +4.

In one embodiment of any of the foregoing, a GvHD prophylaxis regimen is used. In
one embodiment, the GvHD prophylaxis regimen is any known in the art. In another
embodiment, the GVHD prophylaxis regimen provides for a decreased number of agents and/or
a reduced concentration of one or more agents to be used, wherein the agent provides for
suppression of the immune system. In another embodiment, the GvHD prophylaxis regimen is
one of the following: (i) CELLCEPT® (mycophenolate mofetil) will be given as 15 mg/kg
orally (PO) 3 times daily (maximum daily dose of 3 gm) starting day +5 to day +35. An
intravenous formulation may be used as per physician discretion until reliable PO intake of the
patient is established. Tacrolimus will be given as 0.03 mg/kg/day (dosing may be adjusted as
is standard for drug interactions with concurrent medications) IV infusion beginning on day +5
and converted to oral tacrolimus when PO intake is tolerated. Tacrolimus will be continued
until day +100 and then may be tapered to none by day +180 if there is no evidence of active
GvHD:; (ii) Tacrolimus will be given as 0.03 mg/kg/day (dosing may be adjusted as is standard
for drug interactions with concurrent medications) IV infusion beginning on day +5 and
converted to oral tacrolimus when PO intake is tolerated. Tacrolimus will be continued until
day +100 and then may be tapered to none by day +180 if there is no evidence of active GvHD;
or (iii) Tacrolimus will be given as 0.03 mg/kg/day (dosing may be adjusted as is standard for

drug interactions with concurrent medications) IV infusion beginning on day +5 and converted
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to oral tacrolimus when PO intake is tolerated. Tacrolimus will be continued until day +50 and
then may be tapered to none by day +100 if there is no evidence of active GvHD.

In one embodiment of any of the foregoing, the methods of the present disclosure may
be used in conjunction with growth factor treatment. In one embodiment, any growth factor
treatment regimen may be used. In another embodiment, the growth factor is granulocyte-
colony stimulating factor (G-CSF). In another embodiment, G-CSF is administered from day
+5 to about day +20 or from day +5 to about day +15. In another embodiment, the G-CSF is

administered at about 5 mcg/kg on day +5 after transplant until neutrophil engraftment.

EXAMPLES

Example 1- of T cell depletion

Methods for af T cell depletion are known in the art and any method known in the art
may be used. In one embodiment, the following method of aff T cell depletion is used. The
CLINIMACS® device with the o/p TCR Reagent Kit and other associated reagents is used for
af T cell depletion. CLINIMACS® a/B TCR Reagent is a sterile monoclonal antibody reagent
specific for of cells. The depletion of the af T-cells will be performed according to the
manufacturer’s instructions and as previously described (16). In brief, the leukapheresis/ex-
vivo expanded product are incubated with the appropriate antibodies that are conjugated to
magnetic particles and then are processed using the CLINIMACS® device (Miltenyi Biotec).
CLINIMACS® plus Instrument is a software-controlled instrument that processes the blood
sample (cell product). The CLINIMACS® Tubing Set is a single-use, sterile, disposable tubing
set with proprietary cell selection columns. The CLINIMACS® PBS/EDTA Buffer is a sterile,
isotonic, phosphate buffered, 1 mM EDTA saline solution is used as external wash and

transport fluid for the in vitro preparation of blood cells.

Example 2- Ex-Vivo v6 T Cell Expansion

Methods for y8 T cell expansion are known in the art and any method known in the art
may be used. In one embodiment, peripheral blood mononuclear cells (PBMC) are obtained
via a peripheral blood draw or leukapheresis. The PBMC product is placed into culture at a
density of 1-2 x 10%/mL with addition of 2mM ZOMETA® (Novartis, Inc.; zoledronic acid)
and 100u/mL Interleuken-2 (IL-2 Miltenyi Biotec, Bergish Gladbach, GERMANY) and

appropriate GMP-grade base media culture or bioreactor system that allows monocytes to
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adhere (e.g. tissue culture plastic or the PRODIGY® bioreactor system (Miltenyi Biotech).
Following 14 days of culture the cells are harvested and depleted of aff T cells.

Preferably, the following method of a8 T cell depletion is used. The PRODIGY® OR
CLINIMACS® device with the o/ TCR Reagent Kit and other associated reagents is used for
aB T cell depletion. CLINIMACS® a/B TCR Reagent is a sterile monoclonal antibody reagent
specific for af cells. The depletion of the af T-cells is performed according to the
manufacturer’s instructions and as previously described (16). In brief, the leukapheresis/ex-
vivo expanded product is incubated with the appropriate antibodies that are conjugated to
magnetic particles and then is processed using the PRODIGY® or CLINIMACS® device
(Miltenyi Biotec). CLINIMACS® plus Instrument is a software-controlled instrument that
processes the blood sample (cell product). The PRODIGY® and CLINIMACS® Tubing Sets
are single-use, sterile, disposable tubing sets with proprietary cell selection columns. The
CLINIMACS® PBS/EDTA Buffer is a sterile, isotonic, phosphate buffered, 1 mM EDTA

saline solution is used as external wash and transport fluid for the in vitro preparation of blood

cells.

Example 3- Clinical Study

To be enrolled in the study, patients must fulfill all eligibility criteria and not be
excluded by an exclusion criteria.

Eligibility Criteria

Eligibility criteria for the study are as follows:

(1) Patients with neoplastic hematological disorders with indication of allogeneic transplant
according to the National Comprehensive Cancer Network (NCCN) or other standard
guidelines as follows; (a) Acute lymphoblastic leukemia [ALL}? with high-risk features or
relapsed disease; (b) Hodgkin?® or Non-Hodgkin lymphoma?’ [HL or NHL]: relapsed disease
where remission duration is less than 1 year, relapse after previous autologous transplant, or
failure to achieve CR with chemotherapy; and (c) Myeloid malignancy (acute myeloid
leukemia [AML]*® with intermediate/high-risk features (per NCCN criteria) or relapsed
disease, OR chronic myeloid leukemia [CML]%* in hematological remission or chronic
phase).?;

(i) myeloid disorder (myelodysplastic syndrome [MDS]*® with intermediate/high risk features

or refractory disease or myeloproliferative disorder; primary or secondary if high-risk features

or refractory disease)’;

15



WO 2017/035375 PCT/US2016/048738

(iii) No available suitable HLA-matched donor;

(iv) Age Criteria: 19 to 65 years in age;

(v) Organ Function Criteria: The following organ function testing should be done within 35
days before study registration: (a) Cardiac: LVEF of 50% or above, by MUGA or
Echocardiogram; (b) Pulmonary: FVC, FEV1 and DLCO (corrected) should be 50% or above
of expected; (¢) Renal: serum creatinine level to be <2 mg/dl or estimated creatinine clearance
(CrCl) must be equal or greater than 40 mL/min/1.73 m? as calculated by the Cockeroft-Gault
Formula; and (d) Hepatic: serum bilirubin <1.5 x upper limit of normal (ULN), Aspartate
transaminase (AST)/alanine transaminase (ALT) <2.5 x ULN, and alkaline phosphatase < 2.5
x ULN;

(vi) Performance status: Karnofsky > 70%; and

(vii) Consent: All patients must be informed of the investigational nature of this study and

given written informed consent in accordance with institutional and federal guidelines.

Exclusion Criteria

The following exclusion criteria are applicable: (i) Non-compliant to medications; (ii) No
appropriate caregivers identified; (iii) Uncontrolled medical or psychiatric disorders which
may preclude patients to undergo clinical studies (Discretion of the attending physician); (iv)
Active central nervous system (CNS) neoplastic involvement; (v) Patients with a known allergy
to DMSO ; (vi) HIV1 (Human Immunodeficiency Virus-1) or HIV2 positive ; and (vii)
Pregnant or breastfeeding.

The following donor eligibility criteria will also be followed: (i) HLA typing (A, B, C
and DRBI1 typed as high resolution); (ii) Suitable Donor — Medically cleared to donate; and
(iii) Eligible Donor — Meets all donor screening and testing requirements related to

transmission of infectious disease.

Study Treatment

Preparative Chemotherapy Regimens

The methods disclosed will be used to treat a variety of conditions. Depending on the
condition to be treated, one of the following preparative regimens will be used.

For myeloid diseases, the Fludarabine/Busulfan/total body irradiation preparative
therapy is used. This regimen is a modified Fludarabine plus Busulfan preparative regimen.
When myeloablative Fludarabine plus Busulfan regimen is used, a total dose of busulfan that

achieves an AUC (area under the concentration curve) of 20,000 is generally targeted. Since
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the protocols are adding post-transplant CY the busulfan target will be reduced to 16,000 AUC
to minimize regimen related toxicity. Seizure prophylaxis will be administered per institutional
guidelines while on busulfan. TBI of 400 cGy (given as 200 cGy x2) will be given to achieve
adequate immunosuppression to allow engraftment. Post-transplant CY of 50 mg/kg on Day
+3 and +4 will also be given. Patients will receive MESNA (an organosulfur compound used
as an adjuvant in cancer chemotherapy involving cyclophosphamide and ifosfamide for renal
protection) and hydration for prophylaxis of hemorrhagic cystitis as per institutional guidelines.
The regimen is further described below and illustrated in FIG. 1.
Day -7 Busulfan 60 mg IV (Test Dose with PK for AUC of 16,000)
Day -6 Fludarabine 40 mg/m? IV
Day -5 Busulfan PK directed dosing IV (with confirmatory PK), Fludarabine 40 mg/m? IV
Day -4 Fludarabine 40 mg/m? IV
Day -3 Busulfan PK directed dosing IV, Fludarabine 40 mg/m?* IV
Day -2 Busulfan PK directed dosing IV
Day -1 Busulfan PK directed dosing IV (added this: different from the current protocol, I will
change the graph below).
Day 0 TBI 200 cGy x 2 fractions (Total dose 400 cGy) then transplant
Day +3 CY 50mg/kg IV
Day +4 CY 50mg/kg IV

The total body irradiation/cyclophosphamide (TBI/CY) preparative regimen will be
used for ALL or aggressive NHL or HL in patients </= 40 years of age with no major
comorbidities. The standard myeloablative regimen for these patients is TBI 1,200 c¢Gy and
CY 60 mg/kg x 2 days. In this study, the TBI dose will remain the same, but the pre-transplant
CY dose will be decreased to 20 mg/kg on Day -2, and the post-transplant CY dose will be
decreased to 50 mg/kg on Day +3 and +4. Thus, the total dose of CY is unchanged in this
regimen. Patients will receive MESNA and hydration for prophylaxis of hemorrhagic cystitis

as per institutional guidelines. The regimen is further described below and illustrated in FIG.
2.

Day -5 TBI 200cGy/ fraction (2 fractions)
Day -4 TBI 200cGy/ fraction (2 fractions)
Day -3 TBI 2000Gy/fraction (2 fractions)
Day -2 CY 20 mg/kg IV

Day -1 Rest

Day 0 Transplant
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Day +3 CY 50mg/kg IV
Day +4 CY 50mg/kg IV

The Fludarabine/ TBI preparative regimen will be used for ALL or lymphoma in
patients who are older than 40 years, or at any age with major comorbidities that portends high
non-relapse mortality (NRM) with high intensity Cy/TBI. These patients will receive
Fludarabine 40 mg/m? x 4 days plus TBI 800 c¢Gy instead of the usual 1,200 cGy. Post-
transplant CY of 50 mg/kg on Day +3 and +4 will be given. Patient will receive MESNA and
hydration for prophylaxis of hemorrhagic cystitis as per institutional guidelines. The regimen
is further described below and illustrated in FIG. 3. ’
Day -6 Fludarabine 40 mg/m? IV
Day -5 Fludarabine 40 mg/m? IV
Day -4 Fludarabine 40 mg/m? IV
Day -3 Fludarabine 40 mg/m* IV
Day -2 TBI 200cGy/fraction (2 fractions)
Day -1 TBI 200cGy/fraction (2 fractions)
Day 0 Transplant
Day +3 CY 50mg/kg IV
Day +4 CY 50mg/kg IV

Chemotherapy Dose Adjustment

Dosing of chemotherapy will be based on adjusted body weight unless the actual body
weight is less than the ideal body weight (IBW), in which case we will use the actual body
weight. Body weight is calculated as follows:

e Ideal Body Weight IBW):

o Males: IBW= 50 + ([(Ht. in cm x 0.39) — 60] x 2.3)

o Females: IBW=45.5 + ([(Ht. in cm x 0.39) — 60] x 2.3)
e Adjusted weight = IBW + (Actual Weight - IBW) x 0.4

Donor Selection, Mobilization and Collection

For patients receiving an alpha/beta depleted donor leukocyte infusion, donors are
screened for eligibility and suitability for allogeneic hematopoietic stem cell donation
according to institutional procedures. The suitable and eligible haploidentical donor will

undergo peripheral blood apheresis for the collection of stem cells on the day prior to transplant
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targeting a CD34+ cell dose of >5 x10° cells/kg of recipient weight (more than 4x10° cells/kg).
A portion of the product containing a minimum of 1 x 10° y3 T cells/kg will be temoved for
alpha/beta T cell depletion without reducing the transplant product below a CD34 dose of 4x10°
CD34+ cells/kg. The manipulated fraction will be cryopreserved and stored until confirmation
of neutrophil engraftment. If the total stem cell number collected is less than 5x10° cells/kg
and/or the required y3 T cell dose cannot be obtained without reducing the CD34 dose below
the 4 x 10° cells/kg, then the product will not be split for additional processing and the patient
will be taken off of the study. If a participant is taken off of study before receiving the product,
they will receive the post-transplant Cytoxan as per their assigned preparative regimen and
continue to be followed for relapse.

For patients receiving ex vivo expanded/activated gamma/delta T cells, donors will be
screened for eligibility and suitability for allogeneic hematopoietic stem cell donation
according to institutional procedures. The suitable and eligible haploidentical donor will
undergo peripheral blood apheresis for the collection of stem cells 8+1 days prior to transplant.
This product will be designated for cell therapy product. Following this collection, the donor
will be mobilized for a collection targeting a CD34+ cell dose of > 4x10° cells/kg).

Cell Manufacturing

For y8 T cell expansion protocols, manufacturing will be performed in a standard
biological safety cabinet in classified ISO 7 space under cGMP/cGMP manufacturing
protocols. Donor apheresis product will be resuspended at 1.0 - 2.0 x 10%ml in commercial
GMP grade T cell expansion medium with or without autologous serum, 2uM Zoledronate
(Novartis Oncology; East Hanover, NJ) + 50u/ml GMP grade IL-2 (Miltenyi Biotec) The
culture is maintained at the original density for 14 days with addition of 50u/ml IL-2 on post-
culture days 2, 6, and 10 and addition of complete media as determined by pH and cell density.
Composition, purity, and viability are determined by flow cytometry at day 0, +7 and + 14
following initiation of culture. o T cells are depleted using the CLINIMACS®, PRODIGY®
(Miltenyi Biotec, Auburn, CA) or other suitable bioreactor/cell separation system as described
on Day + 14 + 3. A final viability determination is obtained by flow cytometric analysis of To
Pro Iodide incorporation or other cell viability stain. Our release criteria for the final product
are >60% 8 T cells, < 5% aff T cells and < 25% NK cells to be acceptable for infusion.

Viability must be confirmed as >70% to release the product for infusion. Product with < 70%
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viability will require exceptional release. Potency of the cell product is determined using in

vitro cytotoxicity assays against K562 cells.

Stem Cell Infusion

Since a portion of the cell product to be given separately is cryopreserved, study
participants will be exposed to dimethyl sulfoxide (DMSO) during the infusion of the
minimally manipulated fraction. DMSO toxicity is a possible complication of cryopreserved
product administration. Side effects and symptoms are generally associated with histamine
release. Signs and symptoms include coughing, flushing, rash, chest tightness, wheezing,
nausea, vomiting, and cardiovascular instability. Standard stem cell infusion precautions are
taken to decrease the risk of reaction to the DMSO. These precautions include slowing the rate

of infusion, pre-medicating with antihistamines, and continuous monitoring during

administration.

Post-transplant CY treatment

Infusion of post-transplant CY (50 mg/kg) will take place on day +3 and day +4.

MESNA will be administered as per institutional guidelines to prevent hemorrhagic cystitis.

vd T cell infusion

The v8 T cell infusion will take place at any time from day +7 following transplant to
day +3 following confirmation of neutrophil engraftment. This timing will permit infusion of
the y& T cell infusion after complete CY washout. The elimination half-life of CY is 3-12 hours
(LexiComp monograph), thus the expected complete clearance after 5 half-lives (= 60 hours)
will occur before the anticipated infusion of the y6 T cell graft on day +7. Engraftment that is
typically expected around day +14 to day +18. The product infusion will be performed as per
the program’s standard order set for the post-transplant infusion of donor cells. If the patient
is in poor condition such as high fever, unstable blood pressure, or severe volume overload on
day 7, infusion of the y6 T cell infusion may be withheld for 2 days (until day 9) at the attending
physician’s discretion. Also, if the patient develops renal insufficiency after post-transplant
CY, infusion can be delayed until déy 9 to ensure CY is cleared before y6 T cell infusion.

The infusion strategy will be as follows. Using a standard 3+3 Phase I escalation
scheme, subjects will receive a fixed dose of 1 x 107 y8 T cells/kg. The first three subjects will

receive a complete post-HSCT immunosuppression regimen as described above. The first
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patient of each group will undergo observation for 90 days prior to accruing the next patient

into the protocol.

Prophylaxis

GvHD prophylaxis will consists of post-transplant CY (50 mg/kg IV on Day +3 and
day +4 post-transplant). Other GvHD propﬁylaxis will include mycophenolate mofetil (MME,
CELLCEPT®) and a calcineurin inhibitor, such as tacrolimus, as needed. In one embodiment,
the methods of the present disclosure allow for a reduced GvHD prophylaxis regimen.

In one embodiment, the GvHD regimen is as follows. CELLCEPT® will be given as
15 mg/kg PO 3 times daily (maximum daily dose of 3 gm) starting day +5 to day +35. An
intravenous formulation may be used as per physician discretion until reliable PO intake of the
patient is established. Tacrolimus will be given as 0.03 mg/kg/day (dosing may be adjusted as
is standard for drug interactions with concurrent medications) I'V infusion beginning on day +5
and converted to oral tacrolimus when PO intake is tolerated. Tacrolimus will be continued
until day +100 and then may be tapered to none by day +180 if there is no evidence of active
GvHD.

In another embodiment, the GVHD regimen is as follows. Tacrolimus will be given as
0.03 mg/kg/day (dosing may be adjusted as is standard for drug interactions with concurrent
medications) IV infusion beginning on day +5 and converted to oral tacrolimus when PO intake
is tolerated. Tacrolimus will be continued until day +100 and then may be tapered to none by
day +180 if there is no evidence of active GVHD. In one aspect of this embodiment, the above
regimen is utilized if no dose limiting toxicity is observed with the regimen in the preceding
paragraph.

In yet another embodiment, the GvHD regimen is as follows. Tacrolimus will be given
as 0.03 mg/kg/day (dosing may be adjusted as is standard for drug interactions with concurrent
medications) IV infusion beginning on day +5 and converted to oral tacrolimus when PO intake
is tolerated. Tacrolimus will be continued until day +50 and then may be tapered to none by
day +100 if there is no evidence of active GvHD. In one aspect of this embodiment, the above
regimen is utilized if no dose limiting toxicity is observed with the regimen in the preceding
paragraph.

As such, using the methods of the present disclosure, a GVHD prophylaxis method that
utilizes a minimum of agents and/or concentrations may be beneficially identified and used in

combination with the methods of the present disclosure.

21



WO 2017/035375

PCT/US2016/048738

Infection prophylaxis will be carried out with anti-fungal, anti-bacterial, PCP, and anti-

viral therapies as per institutional guidelines. Cytomegalovirus preemptive therapy will be

followed with weekly CMV antigen screens or PCR monitoring starting approximately day

+20 and continuing until the patient is off of immunosuppression. HHV6, EBV, and adenovirus

PCR will be monitored at a minimum of every other week starting at approximately day +20

and continuing until the patient is off of immunosuppression.

A scheme for dose escalation is provided below

Cohort

n experiencing Dose

Limiting  Toxicity

Action

Tacrolimus: 0.03 mg/kg/day IV
day +5 to oral to day +180 with
taper at +100

(DLT)

-1 (only enrolled if echort Qorl Continue accrual

exceeds Maximum Tolerated

Dose (MTD)) 2 Maximum dose exceeded.

v8 T cells: 5 x 10° cells/kg Close trial and reevaluate

MMF: 45mg/kg/day +5 to day strategy

+35.

Tacrolimus: 0.03 mg/kg/day IV

day +5 to oral to day +180 with

taper at +100

-1 lor2 Expand to a total of 10
subjects in Cohort -1 (only
accrues if cohort 1 exceeds
MTD)

3 or more

Maximum dose exceeded;
Close trial and reevaluate
strategy

1 (starting cohort) 0 Taper immunosuppression

v3 T cells: 1 x 107 cells/kg 1 to next cohort

MMEF: 45mg/kg/day +5 to day Continue accrual

+35. 2

Maximum dose exceeded;

Deescalate to cohort -1
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1 lor2 Advance to next cohort
3 or more Maximum dose exceeded;
Deescalate to cohort -1
2 0 Taper immunosuppression
v T cells: 1 x 107 cells/kg 1 to next cohort
Tacrolimus: 0.03 mg/kg/day 1V Continue accrual
day +5 to oral to day +180 with 2 Maximum dose exceeded,
taper at +100 MTD is dose for Cohort 1
and accrual to a total of 10
subjects in Cohort 1
2 lor2 Advance to next cohort
3 or more Maximum dose exceeded;
MTD is dose for Cohort 1
and accrual to a total of 10
subjects in Cohort 1
3 Oorl Continue accrual
v8 T cells: 1 x 107 cells/kg
Tacrolimus: 0.03 mg/kg/day IV 2 Maximum dose exceeded;
day +5 to oral to day +100 with - MTD is dose for Cohort 2
taper at +50 and accrual to a total of 10
subjects in Cohort 2
3 lor2 Continue accrual to 10
subjects
3 or more
Maximum dose exceeded;
MTD is dose for Cohort 2
and accrual to a total of 10
subjects in Cohort 2
Growth Factor Use
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As part of the standard of care haploidentical transplant patients will be started on G-
CSF 5 mcg/kg on day +5 after transplant until neutrophil engraftment.

Observations

The following observations will be monitored.

Pre-Transplant required observations: (within 35 days prior to study registration / day of
transplant final evaluation)
1. History and physical exam (includes Karnofsky Performance Status score).
2. CBC, BUN, Creatinine, AST, ALT, Total bilirubin.
3. Echocardiogram or MUGA
4. Pulmonary function testing: FVC, FEV1, DLCO (corrected for hemoglobin).
5. Unilateral bone marrow aspirate and biopsy (for acute leukemia patients), morphology,
and cytogenetics.
6. CT scans or Whole Body CT/PET scans if appropriate for disease status assessment.
7. Lumbar puncture will be done in patients with ALL. Pre-transplant intrathecal
treatment(s) may be administered at the discretion of the attending physician.

In addition to the required observations noted above, allogeneic transplant recipients
are recommended to have the following as appropriate for pre-transplant work-up : infectious
disease markers (Hep A, Hep B, Hep C, HTLV, HIV, RPR, West Nile Virus, VZV, CMV,
HSV, Toxoplasma IgG, GM assay); pregnancy screening; renal and liver functions lab panels;
review of mammogram in female patients greater than 40 years of age; review of colonoscopy,
or other appropriate GI screening, in patients greater than 50 years of age; review of PSA levels
in males greater than 50 years of age; review of dental status; and review and evaluation of
non-malignancy related co-morbid conditions.

Post-transplant required observations and follow-up plans:

Disease Status — As indicated by disease type and site, appropriate testing will be used to assess

for disease status after fransplant.

For leukemia patients: Bone marrow aspirate and biopsy specimen will be collected for

morphology examination and cytogenetics at day +30 (£7), day +100 (£14), day +180 (21),
and 1 year (45 days) post-transplant for all patients who are clinically stable and who have
not demonstrated disease progression by that time point. In addition, a unilateral marrow

aspirate will be collected whenever a relapse is suspected.

24



WO 2017/035375 PCT/US2016/048738

For lvmphoma patients with no known history of bone marrow involvement: CT scans

or Whole Body CT/PET scans will be performed at day +100 (£14), day +180 (+21), and 1

year (45 days) post-transplant for all patients who are clinically stable and who have not

demonstrated disease progression by that time point.

For lvmphoma patients with history of bone marrow involvement: CT scans or Whole

Body CT/PET scans will be performed at day +100 (£14), day +180 (£21), and 1 year (45
days) post-transplant if appropriate and/or bone marrow aspirate and biopsy specimens will be
collected for morphology examination and cytogenetics at day +30 (7), day +100 (£14), day
+180 (£21), and 1 year (+45 days) for all patients who are clinically stable and who have not
demonstrated disease progression by that time point.

For the purpose of this study, relapse is defined by either morphological or cytogenetic
evidence of disease in leukemia, or radiologic evidence (including the recurrence of fluoro-
deoxyglucose [FDG]-avid lesions on PET scan) of progressive lymphoma.

Immune Reconstitution studies will be performed as per BMT standard and/or as
clinically indicated. The recommended timing of the labs is at Day +30 (£7), Day +60 (£7),
Day +100 (£14), Day +180 (£21), and at 1 year (+45 days) post-transplant. This panel will
include measurement of the percentage and absolute count of CD3+, CD4+, CD8+, CD56+,
CD19+, Treg (CD4+/CD25+) effector/memory, and GD T-cells.

Chimerism studies will be performed as per BMT standard to evaluate for sustained
engraftment. The recommended timing of the labs is at Day +30 (£7), Day +60 (£7), Day +100
(£14), Day +180 (£21), and at 1 year (+45 days) post-transplant.

Patients will be seen in clinic at least once a week (£3 days) until day +100 post-
transplant to have a physical exam to assess for acute GVHD (using consensus criteria®?). Then
they will be seen at least once a month (£14 days) until 1 year post-transplant to have a physical
exam to assess for chronic GvHD, and signs and symptoms of relapse or progression. Adverse
Event and Toxicity monitoring will be performed at each visit date.

The patient will have cardiac function evaluation (Echocardiogram or MUGA scan),
Pulmonary Function Tests (FVC, FEV1, and DLCO) and endocrine function tests (Thyroid
Function Tests including TSH and free T4, and Random cortisol level) at one year after
transplant. PFTs will be repeated yearly thereafter.

The study period is from the beginning of conditioning to day 100 post-transplant. The

patient will be followed at least for 2 years after transplant for survival and relapse. The post 1
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year follow-up interval is determined as clinically necessary. The patient who relapses after

transplant will be followed only for survival.

Chemotherapy Drugs

Cytarabine. Cytarabine (1-B-D-Arabinofuranosylcytosine) is an antineoplastic drug of
formula CoHi3N30s (M.W. 243.22) used as a sterile solution for intravenous, intrathecal or
subcutaneous administration. Cytarabine injection in combination with other approved anti-
cancer drugs is indicated for remission induction in acute non-lymphocytic leukemia of adults
and pediatric patients. It has also been found useful in the treatment of acute non-lymphocytic
leukemia, acute lymphoblastic leukemia, acute myeloid leukemia, and the blast phase of
chronic myelocytic leukemia. Intrathecal administration of Cytarabine injection (preservative
free preparations only) is indicated in the prophylaxis and treatment of meningeal leukemia. It
exhibits cell phase specificity, primarily killing cells undergoing DNA synthesis (S-phase) and
under certain conditions blocking the progression of cells from the G1 phase to the S-
phase. Although the mechanism of action is not completely understood, it appears that

Cytarabine acts through the inhibition of DNA polymerase.

Cyclophosphamide (Cytoxan, CY). Cyclophosphamide is a synthetic antineoplastic
drug  chemically  recognized as  2-[bis(2-cholorethyl)amino]tetrahydro-2H-1,3,2-
oxazaphosphorine 2-oxide monohydrate. The molecular formula of CY is C7Hi5ClaN202P-H,0
with a molecular weight of 279.1. CY for parenteral use must be prepared by either adding
0.9% sodium chloride solution, if injected directly, or sterile water, if infused. Constituted in
water, CY is hypotonic; hence, it should not be injected directly. Solutions of CY with sodium
chloride solution may be injected intravenously, intramuscularly, intraperitoneally, or
intrapleurally. Constituted cylophosphamide is physically and chemically stable for 24 hours
at room temperature or six days refrigerated. Prepared solutions do not contain any microbial
preservative; hence, sterility of the solutions should be monitored.

Fludarabine (FLUDARA®). Fludarabine phosphate (fludarabine) is an antimetabolite

with the chemical name 9H-Purin-6-amine, 2-fluoro-9-(5-0-phosphono- 0-D-arabino-
furanosyl) (2-fluoro-ara-AMP). The molecular formula is C10H13FNsO7P with a molecular
weight of 365.2. IV fludarabine is prepared by adding sterile water to the white solid cake.
Reconstituted in 2mL of sterile water, the solid cake produces 4 solution with an approximate
concentration of 25mg/mlL fludarabine phosphate. Follow the institutional guidelines for
further preparation and administration procedures of fludarabine. Reconstituted IV fludarabine

contains no antimicrobial preservative; hence, it should be utilized within 8 hours of
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reconstitution. DO NOT infuse concomitantly with another intravenous solution of unknown
compatibility.
Busulfan (BUSULFEX®). Busulfan is a bifunctional alkylating agent known

chemically as 1,4-butanediol, dimethanesulfonate with a molecular formula of
CH3S0,0(CH2)40S0,CH;3 and a molecular weight of 246 g/mole. IV busulfan must be diluted
prior to use with either NS or DSW. The diluent quantity should be 10 times the volume of
BUSULFEX®, so that the final concentration of busulfan is approximately 0.5 mg/mL.
Infusion pumps should be used to administer the diluted busulfan solution. DO NOT infuse
concomitantly with another intravenous solution of unknown compatibility. Warning: Rapid
infusion of IV busulfan has not been tested and is not recommended. Busulfan is prepared and
administered according to institutional guidelines.

Tacrolimus (PROGRAF®). Tacrolimus is a macrolide immunosuppressant produced

by Stretocyces Tsukubaensis. Tacrolimus has an empirical formulation of C44HeNO12-H20
and a formula weight of 822.05. Tacrolimus appears as white crystals or crystalline powder. It
is practically insoluble in water, freely soluble in ethanol, and very soluble in methanol and
chloroform. Tacrolimus inhibits T-lymphocyte activation, although the exact mechanism of
action is not known. Experimental evidence suggests that tacrolimus binds to an intracellular
protein, FKBP-12. A complex of tacrolimus-FKBP-12, calcium, calmodulin, and calcineurin
is then formed and the phosphatase activity of calcineurin inhibited. This effect may prevent
the dephosphorylation and translocation of nuclear factor of activated T-cells (NF-AT), a
nuclear component thought to initiate gene transcription for the formation of lymphokines
(such as interleukin-2, gamma interferon). The net result is the inhibition of T-lymphocyte
activation (i.e., immunosuppression). Tacrolimus (PROGRAF® injection) must be diluted with
NS or D5W before use. Tacrolimus is ‘administered as a continuous infusion. Oral preparation
will be administered on empty stomach every 12 hours.

Mycophenolate Mofetil (MMF, CELLCEPT®). CELLCEPT® (mycophenolate mofetil)

is the 2-morpholinoethyl ester of mycophenolic acid (MPA), an immunosuppressive agent,

inosine monophosphate dehydrogenase (IMPDH) inhibitor. The chemical name for
mycophenolate mofetil (MMF) is 2-morpholinoethyl (E)-6-(1,3-dihydro-4-hydroxy-6-
methoxy-7- methyl-3-0xo0-5-isobenzofuranyl)-4-methyl-4-hexenoate. It has an empirical
formula of C»3H31NO7 and a molecular weight of 433.50. Mycophenolate mofetil is a white to
off-white crystalline powder. It is slightly sotuble in water (43 ug/mL at pH 7.4); the solubility
increases in an acidic medium (4.27 mg/mL at pH 3.6). It is freely soluble in acetone, soluble

in methanol, and sparingly soluble in ethanol. The apparent partition coefficient in 1-
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octanol/water (pH 7.4) buffer solution is 238. The pKa values for mycophenolate mofetil are
5.6 for the morpholino group and 8.5 for the phenolic group. Mycophenolate mofetil
hydrochloride has a solubility of 65.8 mg/mL in DSW. The pH of the reconstituted solution is
2.4 to 4.1. Oral dosage formulations (tablet, capsule, suspension) should be administered on an
empty stomach to avoid variability in MPA absorption. The oral solution may be administered
via a nasogastric tube (minimum 8 French, 1.7 mm interior diameter); oral suspension should
not be mixed with other medications. Delayed release tablets should not be crushed, cut, or
chewed. Intravenous solutions should be administered over at least 2 hours (either peripheral
or central vein); do not administer intravenous solution by rapid or bolus injection.

Filgrastim (NEUPOGEN®). NEUPOGEN® is the trademark name for filgrastim,

representing recombinant methionyl human granulocyte colony-stimulating factor (r-

methHuG-CSF). NEUPOGEN?® is a 175 amino acid protein produced by recombinant DNA
technology utilizing Escherichia coli (E. coli). NEUPOGEN® has a molecular weight of 18,800
daltons and an amino acid sequence similar to that of natural human DNA except for the
additional methionine at the N-terminal, necessary for expression in E. coli. NEUPOGEN®
may be administered as an IV or a subcutaneous infusion. It is recommended that
NEUPOGEN® be administered at least 24 hours after bone marrow infusion, with dosage
modifications determined by neutrophil response. If necessary, NEUPOGEN® maybe diluted
in 5% dextrose with the addition of Albumin(human) to prevent absorption to plastic materials.
Dilution to final concentration less than 5mcg/ml. is not recommended at any time. Do not
dilute with saline as the product may precipitate. When using either vials or prefilled syringes,

do not save unused drugs for later administration. Dispose of all unused portions.

Total Body Irradiation (TBI). TBI will be administered per standard of care procedure
as implemented by radiation oncologists. TBI alone for post-pubescent patients with
dose/fractionation not exceeding 2 Gy x 6 is well within the tolerance of most normal organs
for < 5% risk of severe late toxicity (organ failure or major dysfunction) by 5 years. Notable
exceptions are risks of cataract development, bone marrow suppression, and ovarian and
testicular dysfunction. Also, there is a small risk of second malignancy. The most common
acute effects include nausea, vomiting, diarrhea, and painful swelling of the parotid glands.
When TBI is given in conjunction with other therapies in the transplant setting, there is
additional risk of side effects including loss of appetite, dry mouth, difficult or painful
swallowing , headache, stomatitis (sore throat/mouth), altered skin integrity, hair loss, swelling,
increased risk for infection and/or bleeding, possible lung failure, dry cough, fatigue, anxiety,

fever, possible liver failure, lung scarring, loss of vision, shortness of breath, sterility,
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heartburn, cystitis, sleep disturbances, altered gastrointestinal and genitourinary function,
neuropathy, fistulas, altered endocrine function, pericarditis, and increased risk of a second
cancer. Overall, the incidence of most major toxicity when radiation is given in conjunction

with other therapy as outlined above is still low, rare, serious side effects are possible.

Example 4- Results of Clinical Study

The expected outcome for the ABD study is that the incidence of acute GvHD will be
no different from haploidentical transplant patients that receive post-transplant
Cyclophosphamide without the supplemental ABD graft. This outcome is also expected for the
EAGD patients while in addition we anticipate a lower incidence of infectious complications in
the early post-transplant period (100 days) and a decreased incidence of relapsed disease (1, 2,
and 5 years).

The discussion of documents, acts, materials, devices, articles and the like is included in
this specification solely for the purpose of providing a context for the present invention. It is
not suggested or represented that any or all of these matters formed part of the prior art base or
were common general knowledge in the field relevant to the present invention as it existed
before the priority date of each claim of this application.

Throughout the description and claims of this specification, the word “comprise” and
variations of the word, such as “comprising” and “comprises”, is not intended to exclude other

additives, components, integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A method for allogeneic hematopoietic stem cell transplantation (HSCT), the method

comprising the steps of:

L. administering to a subject on day 0 an allogeneic haploidentical hematopoietic
stem cell graft infusion;

il. after day 0, administering to the subject an agent which provides in vivo T cell
depletion; and

ii. after administering the agent which provides in vivo T cell depletion and at
about +7 to +25 days relative to day 0, administering to the subject a yd T cell
product, wherein the 0 T cell product comprises an expanded population of y0
T cells and is depleted in o T cells, and further wherein the cell product
comprises greater than or equal to 60% yd T cells, less than or equal to 5% o
T cells, and less than or equal to 25% NK cells as determined by flow cytometric
analysis using cell viability stain

The method of claim 1, wherein the yo T cell product is administered about +7 to about

+9 days relative to day 0.

The method of claim 1 or claim 2, further comprising administration prior to day 0 of

a preparative chemotherapy regimen.

The method of any one of claims 1 to 3, wherein the agent that provides in vivo T cell

depletion is cyclophosphamide.

The method of any one of claims 1 to 4, further comprising administering a Graft vs.

Host Disease (GvHD) prophylaxis regimen after day 0.

The method of claim 5, wherein the GvHD prophylaxis regimen comprises

administering to the subject an immunosuppressive agent selected from

cyclophosphamide (CY), mycophenolate mofetii (MMF), tacrolimus, or any

combination thereof.

The method of any one of claims 1 to 6, further comprising administering a growth

factor after day 0.
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10.

11.

12.

13.

14.

The method of claim 7, wherein the growth factor is granulocyte-colony stimulating
factor (G-CSF), the administration of which is selected from day +5 relative to day 0
to about day +20 relative to day O.

The method of any one of claims 1 to 8, wherein the number of infused yo T cells in
the cell product is selected from the group consisting of: less than about 5 x 103y T
cells/kg, about 1 x 1078 T cells/kg, and about 5 x 10%y3 T cells/kg.

The method of any one of claims 1 to 9, wherein the agent that provides in vivo T cell
depletion is administered to the subject on one or more days between +1 and +10 days
relative to day 0.

The method of any one of claims 1 to 10, wherein the subject has a condition selected
from: acute lymphoblastic leukemia (ALL); relapsed ALL; Hodgkin lymphoma (HL);
Non-Hodgkin lymphoma (NHL); relapsed HL or NHL; acute myeloid leukemia
(AML); relapsed AML; chronic myeloid leukemia (CML); myelodysplastic syndrome
(MDS); refractory MDS; astrocytoma; Atypical Teratoid Rhaboid Tumor; brain stem
glioma; choroid plexus tumors, carcinoma and papilloma; craniopharyngioma;
desmoplastic  infantile astrocytoma; germ cell tumor; medulloblastoma;
neurofibromatosis; oligodendroglioma; optic glioma; neuroblastoma; Ewing's
Sarcoma; and Primitive Neuroectodermal Tumor.

The method of claim 3, wherein the preparative chemotherapy regimen is selected from
Fludarabine/Busulfan/total body irradiation for myeloid diseases; total body
irradiation/cyclophosphamide (TBI/CY) for acute lymphoblastic leukemia (ALL) or
aggressive Non-Hodgkin lymphoma (NHL) or Hodgkin lymphoma (HL) in patients <
40 years of age with no major comorbidities; and Fludarabine/total body irradiation for
ALL or lymphoma in patients who are older than 40 years, or at any age with major
comorbidities that portends high non-relapse mortality (NRM) with high intensity
TBI/CY.

The method of any one of claims 1 to 12, wherein the yo T cell product is prepared by
a method comprising ex vivo expansion.

The method of any one of claims 1 to 13, wherein the agent that provides in vivo T
cell depletion is cyclophosphamide and is administered at day +3 or +4 relative to day

0.
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15.

16.

The method of claim 1, wherein the hematopoietic stem cell graft infusion comprises
PBSCs.
The method of any one of claims 1 to 15, wherein the hematopoietic stem cell graft

infusion is minimally manipulated.
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