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Some Historical
Landmarks

Allogeneic hematopoietic cell transplantation
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Total Graft GVHD Alive

Aplastic anemia

Hematologic malignancies 115

Immunodeficiencies 15




HCT Activity in Europe since 1990
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Allogeneic HCT Activity in Europe

Main indications

Solid tumors, 0.3%

AML, 38%
NHL, 7%

HL, 2%
PCD, 2%

CLL, 1%/

ALL, 16%
CML, 2%

MPN, 4%j MDS, 13%

Passweg et al. BMT 2020



Allogeneic hematopoietic cell transplantation
Hematological diseases

Olmmunotherapy: recognition of tumor cells by allogeneic
Immune cells

ODiseased bone marrow replaced by healthy bone marrow

t(h)Aft_er)conditioning regimen (chemotherapy, irradiation, immunosuppressive
erapies

O Only curative treatment for:

m many hematological malignancies (refractory, relapse)
m Bone marrow or immune system deficient diseases



Why is transplant
activity increasing?

Some Historical Landmarks



Seattle — Fred Hutch BMT center



Reduced NRM after allogeneic HCT
over the past decades
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1140 cGy TBI + Littermate Marrow

Matched
(n=6)

WBC x 103

Engraftment according to HLA-match Epstein, et al. Transpl 6: 45, 1963




The New England

Journal of Medicine

©Copyright, 1985, by the Massachusetts Medical Society

Volume 313

SEPTEMBER 26, 1985

Number 13

MARROW TRANSPLANTATION FROM RELATED DONORS OTHER THAN

HLA-IDENTICAL SIBLINGS
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Greffe de CSH : quel donneur ?

Donneurs volontaires non
apparentés
dans 40 registres

L’allogreffe familiale :

Donneur de fratrie HLA identique =
meilleurs résultats

Disponibilité = 30% des cas

5%
( MONDE
~ 24.000.000

300/0 des patients

nécessitant une

: (y
allogreffe n'ont pas de 40 O = probabilité de trouver un donneur
donneurs ! HLA 10/10 (A, B, Cw, DR, DQ identique)

Agence de la Biomédecine (DIU 2013)
Bone Marrow Donnors Worldwide (2015)



Haploidentical Transplants:

Ablative Conditioning

Allograft Center Reference |% Rejection| % III/IV | NRM
GVvHD (1 yr)
T-replete Royal Powles, 29 80 54
Marsden 1983
Seattle | Beatty, 1985 21 63
T-depleted Perugia Aversa, 9 2 37
Ex vivo 2005
Tubingen | Lang, 2004 17 2 29

St. Judes




So in the late 90’s...

o Reduced overall mortality and toxicity (RIC and RTC)

- expanded the transplant option to those patients who are
ineligible for MAC.

o Reduced/abrogated GVHD

o A donor for all patients is needed



Allogeneic HCT Activity in Europe since 1990
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Allogeneic HCT Activity in Europe since 1990
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Haploidentical HCT — Baltimore NMAC
with post-transplant Cyclophosphamide (PT-Cy)

Transplant
G-CSF
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14.5 mg/kg/day 2 Gy MMF
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v v v | N §]
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ANAAA | .
Fludarabine Cyclophosphamide 1004 Acute GVHD
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Haplo with PT-Cy vs. HLA-identical HSCT

Bashey et al.
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Haplo with PT-Cy vs. HLA-identical HSCT

NRM
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Haplo with PT-Cy vs.

HLA-identical HSCT
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Haploidentical
HCT

A donor for all patients
deemed fit and eligible for HSCT



Allogeneic HCT Activity in Europe since 1990
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Haplo vs. single cord blood for AML

Thiotepa — Busulfan — Fludarabine conditioning regimen (TBF)
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Haplo vs. unrelated donor HSCT
relapsed/refractory AML

N= 1578 patients

Overall Survival
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Haplo vs. HLA-matched siblings HSCT

N= 644 patients
= Haplo =63
= MSD = 581

PT-Cy = 74% haplo patients

Salvatore D et al. Haematologica 2018
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Haplo HSCT with PT-Cy — SFGM-TC study

Relapsed and refractory Hodgkin lymphoma
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Haplo HSCT with PT-Cy — SFGM-TC study

Relapsed and refractory Hodgkin lymphoma
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PT-Cy versus ATG

RIC — identical siblings or 10/10 unrelated donor

Disease Free Survival
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How can we improve the outcomes of
patients undergoing allogeneic HSCT ?

Negative MRD before transplant

Donor selection

Stem cells source

Conditioning regimen

GVHD prophylaxis

Post-transplant immuno-modulation

Maintenance strategies

Supportive care, QoL and monitoring of complications
JACIE
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TBF conditioning regimen in Haplo HSCT
RIC

TRANSPLANTATION
(PBSC) pDLI
i

Busulfan
3.2 mg/kg/d

'R
N

1 2 3 4 5 6 25 35 56 90 120 days

REEEE TR

==

Thiotepa Fludarabine Cyclophosphamide
5 mg/kg/d 30 mg/m?/d 50 mg/kg/d
CSA -------
MMF
SGeF

Duléry R et al. BBMT 2019



TBF conditioning regimen in Haplo HSCT
MAC

TRANSPLANTATION
(PBSC) pDLI
i
Busulfan I
3.2 mg/kg/d I
i i
vV ¥
P SELFUEEP Y S W S S-S S S S
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 25 35 56 90 120 days
A ,
o o o (.
Thiotepa  Fludarabine Cyclophosphamide
5 mg/kg/d 30 mg/m?/d 50 mg/kg/d
CSA
MMF
G-CSF

Duléry R et al. BBMT 2019



Haploidentical HCT — Baltimore NMAC
with post-transplant Cyclophosphamide (PT-Cy)

Survival (%)
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TBF conditioning regimen in Haplo HSCT

N= 51 patients
Median FU: 25 months (12-62)

In acute leukemia patients
Acute GVHD II-IV: 27%
2-y Chronic GVHD: 27%
2-y NRM: 15%

2-y LFS: 63%

Duléry R et al. BBMT 2019
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How to move forward?

Haplo technique-related issues:
= 1 or 2 days of Cy? Reduced doses?
= BMvs. PBSC?



How to move forward?

Haplo technique-related issues:
= 1 or 2 days of Cy? Reduced doses?
= BMvs. PBSC?

Add ATG to Cy...



TBF conditioning regimen in Haplo HSCT
with ATG

TRANSPLANTATION
(PBSC) pDLI
i

Busulfan ATG

3.2 mg/kg/d 2.5 mg/kg/d
11 ¢
Inl
‘1’ ‘1’ W

1 2 3 4 5 6 25 35 56 90 120 days

YT R I

==

Thiotepa  Fludarabine Cyclophosphamide
5 mg/kg/d 30 mg/m?/d 50 mg/kg/d
CSA IIIIIII
MMF
iC.SF

Duléry R et al. BBMT 2019



TBF conditioning regimen in Haplo HSCT
PBSC

o ATG seems effective for reducing the
incidence of acute grade II-IV GVHD
(p=0.03)

o The addition of ATG did not increase
the risk of infection or NRM

o Using PBSC and ATG prophylaxis

= Acute GVHD II-IV: 16%
= Acute GVHD IlI-IV: 10%

Duléry R et al. BBMT 2019
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Conventional chemotherapy

AML in primary treatment failure
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TEC RIC sequential conditioning regimen
Refractory hematologic malignancies

TRANSPLANTATION
(PBSC) pDILI
Thiotepa Busulfan ATG :
5 mg/kg/d 3.2 mg/kg/d 2.5 mg/kg/d :
X AR R v

5 - 0 1 2 3 4 5 6 25 35 56 90 120 days

-15 -14 -13 -12 -11 -10 -9 -8 7 -6 5 -4

MAAE A AL p g

Cyclophosphamide Fludarabine Cyclophosphamide
400 mg/m?/d 30 mg/m?/d 50 mg/kg/d
+
Etoposide e
100 mg/m?/d MME
G-CSF

Duléry R et al. BBMT 2018



TEC RIC sequential conditioning regimen
Refractory hematologic malignancies

Dose reduction was allowed for patients > 60 years and/or with comorbidities

TRANSPLANTATION
(PBSC) p[?Ll
Thiotepa Busulfan ATG :
5 mg/kg/d 3.2 mg/kg/d 2.5 mg/kg/d :
¥ ERZR v

P S S S Sy Sy Sy Sy iy Sy iy Sy Sy S S——,

-15 -14 -13 -12 -11 -10 -9 -8 0 1 2 3 4 5 6 25 35 56 90 120 days

Cyclophosphamide Fludarabine Cyclophosphamide
400 mg/m?/d 30 mg/m?/d 50 mg/kg/d
;
Etoposide 100 mg/mz/d CSA
EEEEENR
MMF
-_—EEEEEEE

G-CSF
Duléry R et al. BBMT 2018 —



TEC RIC sequential conditioning regimen
Refractory hematologic malignancies — initial characteristics

Total (n=72) Haplo (n=27) MRD (n=16) UD (n=25)
n (%) n (%) n (%) n (%)
AML NS

44 (61) 17 (63) 9 (56) 18 (62)
ALL 7 (10) 3 (11) 2 (13) 2 (7) NS
MDS/MPN/CMML 15 (21) 4 (15) 4 (26) 7 (24) NS
Lymphoma 6 (8) 3 (11) 1 (6) 2 (7) NS
Among leukemia patients Median age 54 years (16-72)

36 patients had persistent excess of blast
14 patients had positive minimal residual disease
1 patient was in CR after 1st remission < 6 months



TEC RIC seo'uential conditioning regimen
Refractory hematologic malignancies — post-transplant events

Total Haplo MRD uD

(n=72) | (n=27) (n=16) (n=29)

n (%) n (%) n (%) n (%)
Relapse incidence 38.4 35.9 31.2 43.1
NRM 23.7 14.8 25 31
Acute GVHD II-IV 23.6 11.1 12.5 41.4
Chronic GVHD 32.1 30 37.5 31

Duléry R et al. BBMT 2018




TEC RIC sequential conditioning regimen
Refractory hematologic malignancies

N= 72 patients
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TEC RIC sequential conditioning regimen
Refractory AML and MDS — Saint Antoine Hospital

Number of
patients

Age (years) Median (range) 60.9 (15-76)
<60 33 47%
60-64 17 24%
> 65 21 29%
Sexe Male 44 62%
Female 27 38%
Disease AML 65 92%
MDS/CMML 6 8%

Unpublished data



TEC RIC sequential conditioning regimen

Refractory AML and MDS — impact of age
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33 18 13 9
38 14 9 7
Median follow-up:
45 months [37-64]



TEC RIC sequential conditioning regimen
Refractory AML and MDS

Acute Acute _
_ GVHD II-IV  [GVHD llI-IV Chronic GVHD

< 60 years old 21% 9% 35%
60-64 years old 24% 12% 19%

‘ > 65 years old 14% 0% 6% ‘
Reduced TEC-RIC 14% 0% 19%
Other doses 29% 18% 29%

Unpublished data



How to further
Improve results of
allogeneic HCT?
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Quality of life
Allogeneic HCT

How can we improve quality of life ?

o Emphasis on health related QoL following therapy may inform initial
treatment decisions and long-term survivorship goals.

o Future research should include prospective, longitudinal randomized
designs across both treatment and time.

o It is of great importance to gain further insight into the course of recovery
after cure, considering all aspects of life.

o Work as a team.

o To develop more effective and less toxic new therapies.



Enhancing
the GVL effect
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Pre-emptive DLI

MRD triggered
Relapse
incidence
o Standard risk AML B
o MRD monitoring 2 -
o If MRD + : DLI (+/- chemotherapy) (n=56) or IL 2 (n=49) L
§ P=0. 000 IL-2(Group B)
B oS : 8- k
1 X - S e DLI (Group C)
P=0, (M3 é s 3 |
= - d
LA e g o~ |
” MRD(-) (Group A) e
% 0+ e o |
'.3. .ha. P ' = T T T T ! T T
? " . * = D1 Group C) 0 10 0 30 40 50 60
5 y , Time after transplantation (morths)
** =2 (Group B)
02—
00~

1 T T ) T T U T
wm M W0 MM WM M e e

Time after transplantation (months) Yan CH et al. Blood. 2012



Prophylactic DLI

AML patients — MRD or MUD - Sequential FLAMSA conditioning

1.0 +
: 6-year LFS
0.8 1
pDLI (n=46)
] 63%
= 0.6 % et
% +'
3 t........, Control (n=34)
a 0.4 4 $ drenegunnnans
L 38%
0.2 1
0.0 4 p=0.01
0 ’ 4 6 8 10 12
Years

Jedlickova Z et al. BMT 2016



Enhancing GVL effect

Prophylactic low-dose azacytidine + DLI

MRD 5x10’CD3+/kg
MRD 1x107kg MUD 1x10°CD3+/kg

MUD 5x10%kg  DLI #3

MRD 5x10%kg ~ DLI #2
MUD 1x10%kg

HSCT DLI #1

—| TTTTTTTTTT]

8 WKks AZA AZA AZA AZA AZA AZA AZA AZA AZA AZA AZA AZA

< >
12 months

AZA 32 mg/m?d SC for 5 d every 4 weeks

>

Guillaume T et al. BMT 2019



Percent

Enhancing GVL effect

Prophylactic low-dose azacytidine + DLI

N= 20 high-risk AML and 10 MDS

100 =
90 -
80 +
70
60 -
50 -+
40 ~
30
20
10 4

0

Acute GVHD

0

] | | | ] | | | |
200 400 600 800 1000 1200 1400
Days post transplant

Percent survival

100 7.,

90 -

80 ..t

70 +
60 -
50 -
40 -
30 -
20 +
10 +
0

0

6 12 18 24 30 36 42 48 54 60 66 72
Months

Guillaume T et al. BMT 2019



Cum Survival

1,0

0,84

S
o
1

044

0,29

0,0

Enhancing GVL effect

Prophylactic low-dose azacytidine + DLI — real life data

oS

+
+
+

T T T T T
S 10 15 20 25 30

Months

35

7 I— O 32 patients

Preemptive
——Prophylactic-censored

i = 21 prophylactic
= 10 pre-emptive

o DLI'in 10 patients

o GVHD: 40% of patients
= No GVHD-related death

Marini C et al. Clinical Lymphoma, Myeloma & Leukemia 2019



Enhancing GVL effect

Prophylactic sorafenib in FLT3-ITD patients (SORMAIN study)

A Censored + B Censored +
Log-rank P=.013 Log-rank P=.0855
100 HR, 0.39 (95% CI, 0.18 to 0.85) Sorafenib 100 HR, 0.516 (95% ClI, 0.239 to 1.112) Sorafenib
= Placebo Placebo
80 2 80
>
- =
cﬁ 60 E 60
©
i - =
& 401 54 month RFS & 401 24-month 08
Sorafenib: 85.0% (95% Cl, 70% to 93%) Sorafenib: 90.5% (95% Cl, 77% to 96%)
20 4 Placebo: 53.3% (95% Cl, 36% to 68%) 8 20 | Placebo: 66.2% (95% ClI, 49% to 79%)
Log-rank P=.002 Log-rank P=.007
HR, 0.256 (95% ClI, 0.10 to 0.65) HR, 0.241 (95% ClI, 0.08 to 0.74)
1 1 I 1 I 1 I 1 1 1
0 10 20 30 40 50 0 20 40 60 80 100
Time (months) Time (months)
No. at risk: No. at risk:
Placebo 40 24 19 17 14 0 Placebo 40 25 19 9 3 0
Sorafenib 43 35 31 25 18 0 Sorafenib 43 38 28 12 7 0

Burchert A et al. J Clin Oncol. 2020



Maintenance therapy: Candidate agents

o  FLT3 inhibitors

o Hypomethylating agents

o  Histone deacethylase inhibitors

o Monoclonal or bi-specific antibodies

o Immunostimulatory agents: anti-CTLA-4, anti-PD1, anti-PDL1
(antagonistic), anti-4-1BB, anti-OX40 (agonistic)

o Cells — educated or not (eg. CAR T cells)

o  Tumor vaccines etc. etc.



What will happen to
allogeneic HCT In
the next 10 years?



What will happen to
allogeneic HCT in
the next 10 years?

A few (personal) speculative Scenarios...



Tu m’injectes quoi
avec ton hypospray ?

Q ‘) Des nano-CAR NK

allogéniques.

J’espere que le donneur
n’est pas Klingon...

w7




Autologous CAR T-cells

- Recognize single or dual target(s)

scFv

One Costimulation Domain
(4-1BB or CD28)

- Recognize surface proteins
(<10% of tumor specific targets)

- Artificial continuous signaling from o7
inserted domains cause either extreme é i
inflammatory responses or exhaustion

CD3:

CAR T cells in 10 years will be optimized for selective
memory cytotoxicity and given early to avoid toxicity

Two costimulation domains



Revival of autologous approaches:
antigen specific autologous anti-tumor T-Cells

- Can recognize multiple targets
- Recognize intracellular proteins (majority of tumor specific targets)

- Immune regulatory mechanisms normal (less toxicity)

Adoptive therapy with T-cells expanded in presence of peptides
(PRAME1 Wt1 and Survivin) have achieved CR in relapsed AML.



Peptide stimulated adoptive immunotherapy
combined with vaccination (with or without allo-HCT)

- Patients are vaccinated with peptide based to generate autologous
memory cytotoxic T cell anti-tumor response

- T cells are then harvested by aphaeresis and expanded ex vivo in the
presence of these specific peptides to increase memory cytotoxic T cells

- T cells are then re-infused as adoptive immunotherapy without
adverse side effects

- Vaccinations can then be given subsequently to maintain memory anti-
tumor specific responses.



Off the shelf allogeneic donor CAR T cells

- Donor T cells will undergo CRISPR/Cas9 editing to remove native TCR
(no GVHD), and transfected to target a specific tumor antigen

- After “induction” therapy to reduce tumor burden, allogeneic specific
CAR T cells are thawed from off the shelf and infused as therapy

- Vaccination post allogeneic CAR T cell treatment as needed
with specific peptides to maintain allogeneic memory anti-tumor
responses



Conclusions
and perspectives

The future of autologous and allogeneic cells transplantation



Take home messages... and hope for the future

o Allo- and auto-HCT still have future! Still the only curative therapies for
many malignant and non-malignant diseases...

o A « family donor » platform is likely to fulfill most needs
o Patients older than 70 years may now be eligible for HCT

o Emerging concept of a comprehensive treatment package incorporating

new drugs and novel cellular and immune therapies before and after
auto- or allo-HCT



Take home messages... and hope for the future

o Once tumor burden is reduced, adoptive auto- or allo- cellular
immunotherapy will achieve negative MRD, while restoring host anti-
tumor immunity

o Serial gene/epigenetic profiling will allow for earlier diagnosis of
relapses and selected/targeted treatment

o BUT immediate survival should not be the sole concern after HCT!

o We should aim to cure from the primary disease, while allowing for
complete recovery of patient health status, normal physical and
psychological functioning, normal family and social integration, and
good subjective well being
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