Future Trends in Blood and Marrow
Transplantation

REMEMBERING
DR. E. DONNALL THOMAS

1920 - 2012

R

1990 Nobel Laureate
Tather of Bone Marrow Transplantation




Agenda

A History of hematopoietic stem cell
transplantation (HSCT)

o0 From first human studies to current developments
A Overcoming HLA -Barriers
A Adoptive T -cell therapy
A Synthetic Immunology
A Stem Cells
A Gene Therapy
A Future directions of SCT



Highlights in HSCT

A 1957: marrow infused
Intravenously

A 1958: reports of successful
Identical twin transplants

A 1958: HLA

A 1979: First unrelated donor

A 1989: peripheral blood stem cells
A 1990: first cord blood transplant

A 1996: first non -ablative transplant
A 2005: Haploidentical SCT

A 2007:iPSCs

A 2017: CAR-T cell therapy

A 2018: Gene therapy for &
thalassemia

I

Thomas et al J Clin Invest 1959



HSCT

Type of HSCT Source of Graft

A Allogeneic HSCT
1. Identical twin (Syngeneic) A Bone Marrow
2. HLA identical sibling donor & Peripheral Blood Stem

3. HLA identical related
| Cells
(other than sibling) donor
4. HLA matched unrelated A Cord Blood Stem Cells
donor

5. HLA- Haploidentical
related donor

A Autologous HSCT



Indications for HSCT

A Cancer:

Leukemia
Myelodysplasia
Lymphoma
Breast cancer
Testicular cancer
Ovarian cancer
Brain tumors
Pediatric tumors
Multiple myelomas
Sarcomas
Kidney cancers

A Non Cancers:
I AplasticAnemias
I Metabolic disorders
I Autoimmune diseases

A Rheumatoid arthritis
T Juvenile and adult

A Multiple Sclerosis
A Scleroderma
A Systemic Lupus

I Immune deficiency
T Sickle cell anemia
T Thalassemia



Elements of HSCT

A Selection of donor
I Based on tissue typing ofB) HLA antigens in allogeneic transplantation
I Tissue typing unnecessary in autologous transplantation

A Harvest of stem cells from donor
I Bone marrow harvest or apheresis of peripheral blood

A Preparative regimen
I Chemaoradiation for ablation and immune suppression

A Stem cell infusion

A Posttransplant supportive care
I Autologous 100 days
I Allogeneic 180 days or longer for tolerance to develop



HLA and HSCT

A Histocompatibility Locus AntigendHLA) are
determinants of | mpmuendloogi

Il mmunol ogi c npasswordo

I Allows for effective Immune response against infections, cancer
A T cell reaction to foreign HLA molecules (donor) is a

major problem of transplantation (alloreactivity)

I Need good donor and recipient match for HLA sites

I Cause of acute rejection in organ transplant, and of GVHD in
BMT.



HLA Typing in HSCT

A Family members typed with patient
for HLA A, B and DR s Az s
I Likelihood of 6/6 or 5/6 match S"mg §
depends on frequency of A12BB44DR34  A325:57.18:DR27
FATHER MOTHER

recipient HLA haplotype

A Likelihood of unrelated donor
match related to haplotype
frequency in general population

I Some HLA combinations more
frequently found among ethnic

groups
A Ethnic sequestration phenomenon

Fig. 5.4. Example of a family typing



Probability of having compatible
HSC donor

HLA- Matched Family Donors
Availability
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Siblings |Probability
1 25 %
1 Ag Mismatch 2% 2 44 %
3 58 %
HLA-identical sibling 30 4 68 %
dentical twin < 1% 5 76 %




Increasing Donor Pool Essential

A Time from search to unrelated donor: 4 months
| Often relapse prevents coming to transplant
A Greater efforts are needed to increase participation and

minority representation in the volunteer donor pool
(NMDP)

I Education regarding safety and need

A Increasing cord blood donation may help some
I Everyone has umbilical <cord ©D
I No risk to donate
| Better reflects the local population demographics



Preparation for SCT

A Immune suppression and myeloablation required

I Bone marrow failure states require more immunosuppression
I Immune deficiency without empty marrow leads to rejection.
A Chemotherapy induces aplasia to allow engraftment

A Additional merits of marrow ablation
i Provides marrow Aspaceo
| Eradicates malignant cells
I Reset of the recipient immune system

A Preparative regimens before transplant provide
aplasia and immune suppression



Classification of Pediatric Conditioning Regimens

Decreasing Reliance on GV
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* These two regimens have been associated with lower rates of transplant-related mortaity compared with standard
mywelcablative approaches and are often referred to as reduced toxicity mywelocablative regimens




Hematopoietic Reconstitution

A Bone marrow cellularity decreased months post
transplant

A Immunologic reconstruction over 100 days post
transplant

I Graft-vs.-host disease (GVHD) delays immune
reconstitution

A Immune deficits expected:
I T cell and B cell dysfunction.

I Low Ig levels for three months, normal IgG and IgM by
one year, IgA by two year
A Predisposes to fungal, viral and bacterial infection



Regimen-related
toxicities

Graft-vs-host
disesase

Infections

Bacterial
Fungal

Wiral

Complications

Neutropenia

Thrombocytopenia

Mucositis

VOD

Idiopathic pneumonia

Acute GVHD .
Chronic GVHD

Gram positive
Gram negative

Encapsulated bactena
Candida

Aspergillus

HSYW
CMVY and adenovirus




Outcome In pediatric ALL

Patients Events 4-yr. EFS

MSD 105 30 0.71+0.05
== MUD 306 100 0.67+0.03

Difference in 4-year EFS 5%
Upper limit of one-sided 95% CI 13%
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Time (years)
Patients Events 4-yr. Cl

MSD 105 24 0.24+0.04 .732
== MUD 306 65 0.22+0.02

Patients Events 4-yr. OS
MSD 105 22 0.79x0.04 .230
== MUD 306 81 0.73+0.03
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Patients Events 4-yr. Cl £

MSD 105 3 0.03+0.02 .017
== MUD 306 30 0.10+0.02
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Outcome in @& Thalassemia

Survival Function
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ORIGINAL ARTICLE

HL A-matched sibling stem cell transplantation in children
with B-thalassemia with anti-thymocyte globulin as part
of the preparative regimen: the Greek experience

E Goussetis’, | Peristeri’, V Kitra, G Vessalas, A Paisiou, M Theodosaki, E Petrakou, MM Dimopoulou and 5 Graphakos




The limits of success today

A HLA-Barrier

A Relapse

A GVHD

A Infections

A Regimen related mortality



What We Learned Over the Decades
HLA mismatches are prohibitively toxic
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Overcoming the mismatch

T T cell

' Replete depletion

Rejection

Infection




Ex vivoT-cell depletion

Strategy for depletion of aff+ T-cells

Chaleff S. et al.: A large scale method for the selective Depletion of a/B T-lymphocytes from PBSC
for allogeneic Transplantation. Cytotherapy, 2007

1. biotin-anti-ap mAb ™%,
2. microbeads with
anti-biotin mAb
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|~ D34+ and CD34-

® ____— progenitors

®
NK cells

00 <= dendritic cells




T-cell depleted haploidentical
Transplantation in children with acute
leukemia
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Cumulative Incidence of relapse
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Development of Post-Transplant Cy
Back to the future (Santos & Owens, 1960s-70s)

* Cy post alloBMT prevented GVHD in mice
(Santos/Owens - 1960s)

- Only high doses (150-300 mg/kg) effective
- Lower doses - limited activity

* Standard Hopkins prophylaxis (1975- 1984)"‘"'

- Low dose - 7.5 mg/kg/d x 4 because of
hematologic toxicity fears

* Randomized trial - less effective than CsA
(Santos et al Clin Transplant 1986)






