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HLA Match Likelihoods for Hematopoietic
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Match likelihood
according to racial and
ethnic group.

The likelihood of finding a
match with the use of a
search strategy win which
an 8/8 HLA-matched donor
Is sought first, then a 7/8
HLA-matched donor, and
thereafter a cord-blood unit
with an adequate cell dose
Is shown.



Haploidentical transplant

Advantages
e Speed

* (related donors easy to contact)
e Easy stem cell

collection

e (usually PBSC after 4-5 days of G-CSF
administration)

e Low cost

Disadvantages

* HLA disparity

/|

(graft rich in T and B cells)

N\

GVHD

Rejection

Late immune reconstitution




Aplo-TCSE: come evitare il rigetto senza

aumentare 1l rischio di GVHD

Megadose di cellule CD34+

Condizionamento

(> 10 x 10%kg)

TBI
Thiotepa
Fludarabina
ATG

Evita il rigetto
Riduce rischio di recidiva di leucemia

(CD3 < 3 x 10%kg)

T-deplezione estensiva

Nessuna profilassi

post-trapianto per GHVD




T cell-depletion for Haplo-HSCT: 0

1995
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CD34+ selection

e Depletion of T cells (< 1 x 10°/kg): no GvHD

e Higher infections

e Rejection ‘prolonged lymphopenia

e CD34+ megadose (> 107/kg): to reduce infections and
I‘e] eCtlon. (Aversa F et al. ] Clin Oncol 2005)
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Non malignhant diseases

PROBABILITY (95% ClI)

Haplo-TCSE with positive CD34+ selection: results
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YEARS AFTER HSCT

Malignant diseases: outcome
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REL = 26% (18-38)

TRM = 12% (7-22)
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Bl Haplo-TCSE with positive CD34+ selection: results

Transplant-related mortality
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Ricostituzione immunologica dopo TCSE o

Nel contesto del trapianto parzialmente compatibile T-depleto, i linfociti
NK alloreattivi verso il ricevente possono giocare un ruolo chiave
* nella prevenzione del rigetto

* nella prevenzione della GVHD
* nell’eradicazione della malattia residua minima

Mo GvHD

MNo leukemic
relapses

+ proliferation
= maturation

Ruggeri et al. Science 2002 * NK receptor expression
= acquisition of KIR repertoire

12



Ricostituzione immunologica dopo TCSE

Il trapianto aploidentico NK alloreattivo

Donatore

Ricevente

HLA

HLA-Cw2
Gruppo C2

HLA-Cw1
Gruppo C1

Ruggeri L et al. Science 2002; 295:2097-2100.
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Pende D et al. Blood 2009; 113:3119-3129.



Ricostituzione immunologica dopo TCSE o

DONOR RECIPIENT TCSE da donatore aploidentico per leucemia acuta linfoblastica:
=1 10 incidenza di ricaduta in base all’alloreattivita NK
- e DY
- T
0 321 _1.00
N B3 e s & 1
% D-:-_E :ﬁ e a =1 N=26"E=4
T 10t 10f 10® 10 3 b B BN, 1 el
FL1-H ::E n7s{ NO. N=16E=8
Other KIR+NKG2A E
B < _ NO =51% (31-83)
30 - Tz 8 = 0 50 4
* ¢ Q = ]
@ o _ + 10 © ::I
8, & ¢ | ©
o w 0 < P = 0,035
o =u.
ot d *°E = 0251
Q 10+ +qg @ L
; % :
8§ +=2 = u i"l -I."| F"_;'S
m Yot - L
0 LI | | | | 0 £
1 5 7 12 17 » 0.00 > 5 A p
1 s 3 - 5

Donor Recipient post-HSCT (months) ANNI DOPO TCSE
0O TCS

Pende et al. Blood 2009; 113:3119-3129. Oncoematologia Pediatrica Pavia, unpublished data.



T cell-depletion for Haplo-HSCT:

1995

Stem cells + effectors (NK cells)

specific

T cells




CD3 depletion

» Alloreactive NK cells can facilitate engraftment by elimination of residual host
hematopoiesis in mouse model (Ruggeri L et al. Science 2002)

* Negative depletion strategy developed to preserve NK and accessory cells in the graft
* Reduced intensity conditioning regimens were used

* Improved clinical results in terms immune reconstitution

* High rate of aGvHD (52%) and cGvHD (28%)

* Relapse

(Chen X et al. Br J Haematol 2006, Dykes JH et al. Transfusion 2007)



CD3/19 depletion

» T cells 10 fold higher than CD34+ ICS

* NK, Monocytes and DC content

« Avoid post transplant EBV related lymphoprolipherative disease
e Less mortality

« Better immune recovery



CD3/19 depletion in children

Early evaluation of immune reconstitution following allogeneic
CD3/CD19-depleted grafts from alternative donors in childhood
acute leukemia

A Pérez-Martinez'!, M Gonzéalez-Vicent!, J Valentin', E Aleo’, A Lassaletta’, J Sevilla', JL Vicario®?, M Ramirez' and MA Diaz’

Graft engineering procedures for hematopoietic SCT (HSCT) may improve the chance of success in matched unrelated donor
(MUD) and haploidentical donor transplantations. Successful donor immune reconstitution is important to mediate GVL effects
in reduced-intensity conditioning (RIC) HSCT. We prospectively investigated early immune reconstitution and clinical outcome
in 30 CD3/CD19-depleted MUD (n = 15) or HP (n = 15) HSCTs for high-risk childhood leukemia using a fludarabine-based RIC
without serotherapy. The graft consisted of a mean of 10.5x10%kg CD34+ 77 > 10%/kg CD3 + and 39 x 10%/kg CD56 + cells.
After transplantation, 86% of the patients engrafted. In all | 13% of patients had >grade 3 acute GVHD. Natural killer (NK) cell,
DC and T-cell recovery achieved normal values within the first 60 days after transplantation. DC recovery was dominated by
the DC2~ subset. NK-cell phenotype was altered and cytotoxicity was lower compared with their donors. EFS was 50 + 9%

(73 £ 11% for those in CR1 and 26 + 11% for those with advanced disease). Faster DC2~ recovery was associated with better
outcome, especially in the MUD setting. In summary, CD3/CD19-depleted HSCT with fludarabine-based RIC without serotherapy
resulted in favorable patient survival, and rapid NK, DC and T-cell recovery.

Bone Marrow Transplantation (2012) 47, 1419-1427; doi:10.1038/bmt.2012.43; published online 12 March 2012
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v0 T cell effector functions: a blend of innate programming

and acquired plasticity

Stress-induced MER
ligands, such as RAE],
MIC A, MICE and LILEPs

Target cell

Irflasremation,
LA r_‘larnugl:.
ﬂhﬂﬂgmﬁeﬁl_‘.

and infectians

MEGZD

Praliferation,
cytokine release,
imrmurcregulation
and cytoprotection

Inflammation

(IL-T7 and IFhdy)

Stress-induced v& TCR ligands
such as CDc, TIO and T22
Microbial and endogenous
phosphoantigens

Figure 1 | Sensing of cellular stress and infection by y& T cells. y& T cells can
recognize separately, additively or synergistically three sets of stress-induced stimuli:
MHC-related and -unrelated T cell receptor (TCR) ligands (such as the weakly

polymorphic MHC class Hike human CD1 e molecules and mouse 110 and 122 molecules,
and microbial and endogenous phosphoantigens), various cell surface molecules (such as

retinoic acid early transcript 1 (RAEL) and MHC class | polypeplide-related sequence A
(MICA)) that engage the activating natural killer receptors (MERs) such as MK group 2,
member MEGZD), andfor danger-associated molecular patterns (DAMPSs) or
pathogen-associated molecular patterns (PAMPs) recognized by pattern recognition
receptors (such as Toll-like receptors (TLRs) and dectin 1) [FMy, interferon-y; IL-17,
imterleukin-17; LI AP cytameqalovirus LIL 16-hinding pratein.

NATURE REVIEWS | IMMUNOLOGY Bonneville M. etal. 2010

Table 1
Comparison of o T cells and & T cells.
Feature o T oells i T cells
Praportion of CD3" cells o0-99% 1-10%
TCR V gene permiline reperioire  Large small
CDY CDE phenotype
D" ~G0K < 1%
CDE" ~3 0% 30
T4+ COE* <% < 1%
- CDS < 1% ~-I%
MHC restriction CD4™: MHC class | No MHC restriction |
CDE": MHC class 1
Ligands reptide s MHC | Phospholipid antigen |

Adapted by D. Kabelitz et al {1389), Springer Seminars in lmommopathology 21: 55,

p. 36.



T cell-depletion for Haplo-HSCT:

1995

- Stem cells + effectors (NK cells)

3.

TCRaup/CD19 Depletion
Stem cells + effectors (NK cells + voT cells)

2011

specific

T cells




TCRa-p CD19 ICS

Separation principle: Depletion
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TCRa/B+ T / CD19+ B cell-depleted Haplo-HSCT:

Negative selection method

Strategy for depletion of afj+ T-cells

Chaleff 5. et al.: Alarge scale methed for the selective Depletion of o/f T-lymphocytes from PBSC
for allogeneic Transplantation. Cytotherapy, 2007

1@ - Og 1. biotin-anti-a mAb
[ ] O @daf O L <
o o 2. microbeads with
O oo ® o°® antibiotin mAb
e >
waste .
(o T cells) _ g raft
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v «—  CD34+ and CD34-
L

rogenitors
0% ° +— pProg

NK cells

®e O «——___ dendritic cells
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T cell reduction
4.5-5 log

S

v/0 lympho NK

CD34 Mono/DC

Two cell sources: cells contained in the graft at time of transplantation
cells derived from CD34+ infused




200

150

100

Cells infused x108/kg

50

0

CD34+ CD3+ ap+ CD3+ yo+ CD20+ CD56+ CD3+/CD56+
Median 18,240 ,013 16,210 ,180 36,920 5,580
Min 10,850 ,000 1,710 ,000 7,610 470
Max 31,090 ,138 109,440 1,440 194,430 66,660




Clinical experience

« Handgretinger et al. 2011. Robust engraftment and rapid immune reconst in children with
high risk leukemia.

» Bertaina et al. Blood 2014. 23 children with non malignant diseases: low aGvHD (skin
grade I-11), no cGvHD, no engraftment in 4/23. At a median follow up of 18 months, 21 pts

alive.

 |n the italian cohorts: no post transplant GvHD profilaxis



v0 T cells - role in haplo-HSCT: control of infection and leukemia
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Airoldi et al. Blood 2015



Results on TCRap CD19 negative ICS performed
In pediatric pts at Policlinico S.Matteo (2013-2019)
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b st i Overall survival, event-free survival,
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HAPLOIDENTICAL T-CELL DEPLETED HSCT IN CHILDREN:
COST ANALYSIS COMPARING 2 DIFFERENT T-CELL DEPLETION
TECHNIQUES

Elements considered for the cost

. Nr. Total costs Mean * SD Median Range
Technique lvsis:
procedures (Euro) (Euro) (Euro) (Euro) analysis:
cost of the T cell depletion
Positive selection 14 216.964  15.497+5650 13.095  6.026-24.107 procedure

cost of hospitalization after HSCT
length of hospital stay

Negative selection 13 230.509  17.731+6.580 18.080  13.095-31.175

Total cost of hospitalization

Technique Nr. HSCT Median (Range)
Positive selection 12 82.080 Toeiie
13 39.672 23.256 —109.440

MNegative selection

Conclusions: Even though the cost of graft manipulation using negative a3+ T cell and CD19+ B cell selection was higher
than the cost of a classical CD34+ cell positive selection, the shorter duration of hospitalization after HSCT counterbalanced
the higher cost of graft manipulation. Negative af+ T cell and CD19+ B cell selection could be cost effective as compared to

other graft manipulation techniques in the context of haploidentical stem cell transplantation in children.

Zecca M. et al. EBMT poster presentation 2015



Chronic GvHD-free relapse-free survival by donor

SIBLING DONOR UNRELATED DONCRS 100 Overall P < 0.001
20-25% = 31 million MMUD vs. MUD: HR 2.1 (1.47-3.03); P < 0.001
Haple ve, MUD: HR 1.00 (0.66-1.53); P = 0933
80
" s 52-8
~ 40%% =

o
o

NEED ALTERNATIVE DONORS Haplo = 58% (47-67)

*up to 75% based on patient’s ethnicity

'

N
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MMUD = 34% (24-43]

Cumulative incidence (95% Cl)

20
MP;.'EL.ID. N = '.\13, E=75
off T-cell CD19+ B-cell 8 e it o, SR : : :
'—'! = depleted haploidentical HSCT 0 1 2 3 4 5
;I_I- E Number of patlants at risk: "l"ea 5 aﬂer HSCT
(number censorad)
MUD 127 (0) 83 (0) 67 (12) 49 (29) 32 (46) 11 (67)
/ L MMUD 118 (0) 53 (0) 44 (4) 27 (18) 15 (28) 5 (38)
Ideal graft composition: Haplo  98(0) 69 (2) 61(5) 38 (26) 24.(37) 7 (53)
2 » CD34+ >10x10%Kg
| o aff T cells <1x10°/Kg
= High number of NK cells
e High number of v T cells

Bertaina A, Zecca M. et al. Blood 2018;132:2594-2607
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Cumulative incidence of acute and chronic GVHD in ahaplo-HSCT, MUD-HSCT, and MMUD-
HSCT recipients.

©2018 by American Society of Hematology
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Probability of OS, LFS, NRM, relapse incidence (REL), and chronic GVHD-free,

relapse-free survival (GFRS).
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T-cell based: NK-cell based:

DLI selected NK cells
unmanipulated selected and activated NK cells

insertion of suicide gene to block flare in case of GVHD g . .
. . . o gene-modified NK cells targeting leukemia
physical selection of specific subpopulations (i.e. CD45RA) antigens

induction of tolerance . . : : :
q . . . insertion of chimeric antigen receptor
epletion of alloreactive populations

cultured CIKs
cultured minor HLA antigen-specific T cells

cultured leukemia antigen-specific T cells
leukemia whole blasts
leukemia-associated antigens: i.e. peptides derived from
NPM1mut, WT1

gene-modified T cells targeting leukemia antigens
insertion of natural T cell receptor
insertion of chimeric antigen receptor



Donor lymphocyte infusions (DLI) is the simplest way to boost the GvL effect

1.0+

0.8+
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0.4+

Probability of Survival

0.2+

mm Patisnts recaiving DLI
Patients not recaiving DU

Fig 1. Unadjusted survival of patients with first hematological relapse of acute
myeloid leukemia after allogensic hematopoistic stem-cell transplantation
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Probability of Survival
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21+ B% no remission gt DU, but female
and « 35% blasts st relapse (n = 24}

3% 3% all other patients (n = 7E5)

Time After DLI (years)

Table 4. Multivariate Analysis of Risk Factors for Survival Among Patients
Recaiving DLI for Treatment of Hematological Relapse After HSCT for AML

Relative Risk
Prognostic Factor P for OS5 95% CI
% blast at relapse (BM], = 35% 006 0.56 03810 0.85
Fermnale v male 0z 16 107024
Cytogenetics (favorable v othear) 004 b6 176t018
Disease stage at DLI (remission < 0001 5B 2510137

V Mo remission)

Abbraviations: DLI, donor lymphocyte infusion; HSCT, hematopoietic stem-
cell transplantation; AML, acute miyeloid leukemia; O5, overall survival, BM,

bone marrow.

Schmid et al. J Clin Oncol 2007




of

We employed DLI in haplo-HSCT recipients with high relapse risk (vs standard risk)

DLI schedule: escalating T cell dose every 3 weeks

Cum Survival

Survival Functions

0.4

EFS 58.7% (45.5-71.9)

DLl

0

il

—— O-censored
t— l-censored

EFS 72.7% (61-84.4)

- e

Log rank P = 0.296

T T T T T
600 800 1000 1200 1400
EF5TG

Compagno et al. Manuscript in preparation
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Insertion of HSV-TK gene in lymphocytes:

ability to control cell expansion by treatment with ganciclovir in case of GVHD
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Insertion of HSV-TK gene in lymphocytes:

kinetics of cell control through ganciclovir exposure in case of GVHD are slow, and GVHD may still develop
iC9 suicide gene allows for a faster reduction ofalloreactive populations

CD44v6 CAR
for AML/MM
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Casucci et al. Blood 2013
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Our center has optimized a protocol to expand anti-leukemia CTLs by stimulating donor lymphocytes with apoptotic
whole leukemic blasts

The approach has two advantages:
Knowledge of leukemia-associated antigen not needed

It works with any HLA specificity
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We still have a clinical need: expanding CTLs for patients lacking cryopreserved tumor cells

Identification of suitable leukemia targets for cellular therapy

We have recently succeeded in expanding P1°0 BCR/ABL-specific CTLs by stimulation with peptides derived from the

BCR/ABL fusion region

This Weelk in

€ blood

Issue Highlights

BCR-ABL-specific T-cell therapy in
Ph™ ALL patients on tyrosine-kinase
inhibitors

Blood 2017 129:582-586;
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It is feasible to graft specificities for antigens expressed on tumor cells through
genetic manipulation:

insertion of natural TAspecific TCR
insertion of chimeric antigen receptors

&T‘:H + zeta

Crimer Ab

+ zeta

TCR/CAR

\

Yee . Clin Cancer Res 2013



CAR-T cells employed in the clinical trials so far have been of recipient origin

Patient and Tissue
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Massive T cell expansion leading to cytokine storm

On target toxicity (hypogammaglobulinemia)

On target but out of organ toxicity (presence of Ag on normal tissues)

Table 3. Adverse Events of Special Interest within 8 Weeks after Infusion,
Regardless of Relationship to Tisagenlecleucel.”
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Type of Event (N=75) (N=75)  (N=75)

nurmber of patients (percent)

Any adverse event of special interest 67 (29) 26 (35) 30 (40)
Cytokine release syndrome 58 (77) 16 (21) 19 (23)
Neurologic event 30 (400 10 (13) 0
Infection 32 (43) 16 (21) 2 (3)
Febrile neutropenia 26 (35) 24 (32) 2(3)
Cytopenia not resolved by day 28 28 (37) 12 (16) 12 (1)
Tumor lysis syndrome 3[4 3 (4) 0

Maude et al. N EnglJ Med 2018




Recidiva con perdita dell’aplotipo HLA non condiviso O
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