Update on Allogeneic Hematopoietic
Stem Cell Transplantation

« Types of allogeneic transplants
a) Myeloablative (MA) vs reduced intensity condition ing (RIC)
b) Advantages and disadvantages of each approach

» Transplant Trends
» Current indications for allogeneic transplants
* Alternative Donor Stem cell Transplants

+ Matched Unrelated Donor (MUD) transplants
« Cord blood transplants: outcome comparedto MUDHC  Ts
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Allogeneic Hematopoietic Stem Cell Transplants

« Approximately 20,000 allogeneic-HCTS performed annu  ally
« Number of annual allo-transplants increasing due to

« Increasing probability of finding an HLA matched do nor
* 20% of pts will have an HLA matched sibling donor.

« > 11 million donors in the world-wide donor registr y = 50% of pts will have
an HLA matched unrelated donor (MUD) in the NMDP re  gistry.

Unrelated Cord blood transplants increasing in adul ts.
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Types of Allogeneic Transplants

« Conventional Myeloablative Conditioning (MA)

« Reduced Intensity Conditioning (RIC)
or Nonmyeloablative HCT




Myeloablative Allogeneic HCT

* Benefits

— Established efficacy

« Long term cures in advanced (chemotherapy refractory) hematologic
cancers

¢ Drawbacks
— Toxicity
« Transplant Related Mortality- 20-30%
¢ Inadequacy

— Limited to younger, healthy patients
« Optimal Age for Transplant (< 55)

« Age of diagnosis of most hematological
malignancies in pts > 55 years. Eligability

« Medical co-morbidities preclude transplantation

Reduced Intensity Conditioning (RIC)
Allogeneic HCT

Circa 1996: A less toxic alternative to standard my  eloablative allo-
HCT

Premise:
- Low-i ity comditiomimg
transplant toxicity

- GVL alone can be curative

- Reduced toxicity allows older and
debilitated patients to become transplant
candidates

Examples of Common RIC Allogeneic
HCT Regimens In Use

< More than 20 different RIC Preparative regimens
transplant regimens in use » + Low Dose T8I
* Rejection rates usually < 5% B) - .
« Reduced Toxicity c)
Toxicity Incidence (%) D) @
iti 10/0-5%
oo 6
iti: 0/- 0/
Aeute GUHD sl 2 Vel
0/- 0/
TRM 17.5%-15% )
Possibility of increased risk of relapse (i.e. mye  loma, MDS)

Fludarabine = Cyclophosphamide = Melphalan ‘




Evolution of allo-HCT
(1998-2007)

Reduced Intensity Transplants represent @20% of all allogeneic HCTs

Allogeneic Transplantations
by Cond ning Regimen Intensity,
Registered h the CIBMTR, 1998-2007
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hitp:/www.ebmt.org/4Registry/Activity

Increasing Number of
Transplants Being Performed in Older patients
1987-2007

Transplants, %

1987-1993 1994-2000 2001-2007

5 or AML, ALL, CMIL, MM, NHL, CLL, MD
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Reduced Intensity Conditioning (RIC)
Allogeneic HCT

Current indications for
RIC:
- RIC HCT should be reserved for patients who are no

candidates fora MAHCT
1) older pts (i.e. > 55yrs)
2) Pts with medical co-morbidity High TRM with
3) Heavily pretreated pts (i.e. prior auto HCT) Myeloablative HCT
4) Pts with myeloma




Indications for Allogeneic HCT

AML
ALL
MDS
CML
CLL
NHL

Multiple Myeloma

Most Common Indications for an
Allogeneic HCT
Indications for Hematopoietic Stem Cell

Transplantation in North America
2006

@ Allogeneic (Total N=6,560)
@ Autologous (Total N=12,000)
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Who Should Be Considered For
Referral for an Allogeneic HCT?




Who with MDS should be referred for an

allogene

Allogeneic transplant should
patients who have
— High risk MDS

ic HCT?

be reserved for MDS

— Have low risk disease but poor features

« Bad cytogenetics

« Cytopenias (especially neutropenia)

MDS and Allogen

eic HCT: In general

Lim et al JCO 2010: EBMT analysis 1,333 MDS pts 3 50 yrs

Transplanted 1998 to present
Median age 56
- 66% 50-60 yrs
-34% > 60 yrs
Conditioning
- 38% myeloablative conditioning
- 62% reduced intensity conditioning

Lim Z, Witte and T.M. JCO 2010; 28:405-411
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Fig 1. Stacked cumulative incidence curves from a competing risk model
evaluating the proportion of patients in a particular state with respect to the
presence or absence of relapse, as a function of time after ransplant. O,
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MDS and Allogen

eic HCT: In general

Myeloablative 50-60 yrs
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MDS and Allogeneic HCT: In general

*Outcome with a fully matched MUD transplant compara  ble to a transplant
using an HLA identical sibling

>

HLA Matched Sibling
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Lim Z, Witte and T.M. JCO 2010; 28:405-411

Do patients with MDS or AML do better
with a conventional or reduced
intensity (RIC) Allogeneic HCT?

Myeloablative vs Reduced Intensity HCT

A randomized European trial comparing MAvs RICin M DS is now ongoing

MAHCT
Cy 120 mg/kg +
Bu 12 mg/kg

MDS

Randomized

Pts < 65 years RIC HCT
Bu 6.4 mg/kg
+Flu

Study continues to accrue patients




Who with AML should be referred for an
allogeneic HCT

¢ Any AML pt that is refractory to induction
chemo (ICC)

¢ Any AML pt in 3 second CR (ICC)

¢ Any AML patient who is in CR1 with:

« high risk cytogenetics
« secondary AML (ICC)
« without low risk cytogenetics

ICC = Incurable for most with conventional chemotherapy

Who With AML Should Be Referred For

An Allogeneic HCT
What about AML patients in CR1 with normal

cytogenetics?
— Options:

« Wait for relapse

« Transplantin CR1

« Further risk stratify to evaluate for a benefitrfoan

allogeneic HCT

Benefit of allogeneic HCT in CR1 limited to s
1. Ptswith an FLT3-ITD or w

B Other Genotypes
100

Z 5000
2. Pts with a genotype consisting of wild-type H » \
NPM1 or CEBPA without FLT3-ITD 2 50
P
i 2.
Schlenk et al. N Engl J Med. 2008:358:1909-1918 101 P00

Who should be referred for an
allogeneic HCT

* ALL

— Established:
« Ph+ ALL

« Any adult patientin® CR2 (ICC)—established curative
potential

— New indication:
« Any adult patient with standard or high risk disein CR1
(MRC-UKALL XI/ECOG E2992 Goldstone et al: Blood
2008)

ICC= Incurable with most conventional chemotherapy




MRC-UKALL XII/ECOG E2992

Study Methods: Pts with ALL in CR1 randomized to Allo-Hct vs Consolidationvs auto-HCT.
Pts with an HLA identical sibling randomized to allo HCT

Goldstone et al. Blood. 2008;111:1827-1833
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Who With CLL Should Be Referred For
An Allogeneic HCT

Allogeneic transplant reserved for patients with ag gressive CLL

1. P53 mutation-

Induction therapy ® Allogeneic Transplant
2. Disease refractory to therapy or disease relapse < 2 years
3. Disease refractory to nucleoside analog




Allogeneic Hematopoietic Cell Transplantation for C hronic
Lymphocytic Leukemia with 17p Deletion:
A Retrospective EBMT Analysis

An EBMT retrospective analysis of outcome in 44 pat  ients with 17p- CLL
Undergoing allogeneic HCT following predominantly
reduced intensity conditioning

Cytogenetics Predict Survival in CLL

- 8-10% of CLL patients have a 17p deletion PFS based on Cytogenetics- CLL
- Extremely poor prognosis

-Extremely short survival (median 3 yrs) Del 17p

-Extremely Short PFS (100% progression

by3yrs)
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Hartmut Déhner et al. N Engl J_Med. 2000;343:1910-1916

Survival after Allogeneic HCT in 17p- CLL (N = 44)

3-yr OS 44%

1. Median age 54 yrs 3-yr PFS 37%
2. 89% reduced intensity HCT

Median Follow up Up 3 years

Schetelig et al. J Clin Oncol. 2008;26:5094-5100
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Who With Indolent Lymphoma Should Be Referred
For An Allogeneic HCT

Allogeneic transplant reserved for

1. Young patients with relapsed disease

2. Pts with relapsed disease with a short response to
chemotherapy

3. Pts with refractory disease (although outcome worse)

Indolent Lymphoma and Allogeneic HCT

1990's data: High Mortality with Myeloablative Cond itioning

Myeloablative conditioning and TRM

40% TRM

Van Besien et al Blood 1998;92;1832-

Indolent Lymphoma and Allogeneic HCT

Facts:

1. Majority of conventional transplants for indolent | nt lympiname wse
reduced intensity conditioning
2. Reduced intensity transplants associated withlo ~ w risk of TRM

85% Survival

83% DFS

47 patients with indolent lymphoma transplanted

- 7% TRM rate
- 85% survival (median 5 year f/u)
- 83% DFS

Khouri et al Blood;111;5530-
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Indolent Lymphoma and Allogeneic HCT

Facts:
1. Majority of conventional transplants for indolent | nt lympthomea use
reduced intensity conditioning
2. Reduced intensity transplants associated withlo ~ w risk of TRM

67% Survival
26 patients with indolent lymphoma transplanted
- 23% TRM rate
- 67% survival (median 3 year f/u)
- 54% DFS

549% DFS

Rezvani et al JCO 2008;26;211

Who should be referred for an
allogeneic HCT

« CML

— Allogeneic transplant reserved for pts that fail to redpon
to imatinib (or desatinib/nilotinib) or who are intolerant of
imatinib.

— Note:Long-Term DFS in TKI refractory patients
undergoing subsequent HCT comparable to historical pts
receiving transplants upfront for CML

Who should be referred for an
allogeneic HCT

¢ Myeloma
— Second line or later
* Myeloma: Relapsed disease after auto HCT
— First Line:
* Myeloma: Part of a planned auto/allo HCT

12



Autologous Followed By Nonmyeloablative Allogeneic HCT
Improves DFS And OS For Myeloma Compared To Double  Auto HCT

Study: Pts randomized to auto HCT followed by either an
1. alloHCTvs
2. tandem auto-HCT

Bruno et al. N Engl J Med. 2007;356:1110-1120

Nonmyeloablative Allogeneic Transplantation for
Adults with Sickle Cell Anemia

Hsieh M. et al. NEJM 2009

Nonmyeloablative Allogeneic Transplantation for
Adults with Sickle Cell Anemia

Hsieh M. et al. NEJM 2009
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Outcome Transplants for SS Anemia
« All 10 adults (age 16-45 yrs) survive at a median 30 months follow-up (15-54 months)

« 9/10 patients engrafted with donor chimerism levels high enough to reverse the SS phenotype
« No pts develop acute or chronic GVHD

Hsieh M. et al. NEJM 2009

Nonmyeloablative Allogeneic Transplantation for
Adults with Sickle Cell Anemia

Median 83%

Median 53%

Hsieh M. et al. NEJM 2009

Nonmyeloablative Allogeneic Transplantation for
Adults with Sickle Cell Anemia

Hsieh M. et al. NEJM 2009
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Unrelated Donor Transplants

Bad News:

Only 25% of pts needing an allogeneic HCT will have  an HLA identical sibling

HLA Matched
Unrelated Donor

HLA Matched
Sibling

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Patients needing an allogeneic HCT

Good News:

« World-Wide unrelated donor registries now have 11 million HLA typed donors
« Up to 60% of Caucasians will have a fully HLA matched unrelated donor

Increasing Number of Unrelated Transplants

Allogeneic Transplants in Patients >20y
1989-2006
- By Donor Type -
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Similar Outcome HLA matched Sibling Transplants
vs Matched Unrelated Doner HCT

Survival-Hematological Malignancies

Matched Sikling (n= 1211)

URD (n=704)

4 6

Years after Transplant

Slide courtesy of Dr. Petersdorf -2008
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Umbilical Cord Blood Transplantation (UCBT)

Umbilical Cord Blood (UCB) transplants are atransp  lant option for patients lacking an
HLA identical donor:
1. Cord blood is a rich source of Hematopoietic progenitor cells
2. Can be frozen viably for later use
3. Most cord transplants are mismatched for 1/6 or 2/6 HLA loci (HLAA, B, DR)
4. Less GVHD with MHC mismatching
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Placenta

€t Umbiilical Cord

Cord Blood Unit

Volume 25 mls

Increasing Use of UCB Transplants
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