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AHelp you understand the diagnosis of A Acquired Severe Aplastic Anemia
aplastic anemia. A Inherited Marrow Failure Syndrome

i Fanconi Anemia
i Dyskeratosis Congenita
i Schwachman -Diamond Syndrome

ATranslate your understanding of
aplastic anemia into options for

treatment that are data based. AMDS
A Empower you to discuss with your A Leukemia
physician treatment options. A Autoimmune Disease

A Nutritional Deficiencies
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A Acquired Aplastic Anemia is a disease
caused by too few hematopoietic
progenitor cells leading to too few red
blood cells, white blood cells, and
platelets.

A Acquired Aplastic Anemia needs to be
differentiated from inherited bone
marrow failure syndromes.




CAMITTA CRITERIA for|
SEVERITY of APLASTIC ANEMIA

Children's Specialty Group

A SEVERE AA (SAA)
PERIPHERAL BLOOIR of 3):
E PMN < 500/ul
E PLATELETS < 20,000/ul
E RETICULOCYTES 20,000/ul (< 1%)
MARROW: hypocellular
A VERY SEVERE AA (VSAAPMN < 200
A MILD AA: LESS AFFECTED THAN SAA
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The Bone Marrow is

Aplastic: Is it Acquired
Aplastic Anemia?

Almportant to discriminate between an
inherited bone marrow failure
syndrome and acquired aplastic
anemia.

A Presentation is in adulthood as well as
childhood.

A Proper treatment is based on the
correct diagnosis.

Awww.marrowfailure.cancer.gov

Inherited Bone Marrow Failure
Syndromes

Chidren' Spacioy Group
A Fanconi Anemia -40% without physical
stigmata so must do diagnostic/functional
DEB test to look for chromosome breakage.
i If DEB test abnormal, genetic testing to classify
defect.
A Dyskeratosis Congenita -Classic telomere
biology disease.
T Nail dystrophy, leukoplakia, lung and liver disease
significant.
i Telomere length analysis is becoming a
standard(?) test (stay tuned).
i Genetic testing commercially available.

Inherited Bone Marrow Failure
Syndromes

Children’s Specialty Graup

A Schwachman -Diamond Syndrome -SBDS
gene defect. Exocrine pancreatic
deficiency and neutropenia.

i Isoamylase and Trypsinogen are easy
screening tests.
i Genetic Testing commercially available.

A Congenital Amegakaryocytic
Thrombocytopenia -MPL gene defect.
E_rokf]ound thrombocytopenia even at

irth.
i Genetic testing commercially available.

Telomeres 101

Children's Specialty Group

A Telomeres are reﬁ_eat sequences at the ends of
chromosomes, which are protective chromosomal
material.
A Molecular mechanisms have evolved to maintain
telomere length and protective function.
A Mutations in the genes that maintain and protect
telomeres cause human disease including marrow
failure, liver fibrosis and lung fibrosis.
AAndrogends can help certain pd

disease.

A Dyskeratosis Congenita is the classic disease of telomere
biology.

ATownsl ey, Bumitru and Young 0§
the telomeropathiesé

i DOI http://dx.doi.org/10.1182/blood -2014-05-526285

|
Chidens :z: My patient has acquired
SAA: What was the trigger?

Children's Specqllyle;m
A Inciting event leads to an immune mediated
destruction of blood progenitor cells

I Young et al. Blood, 15 October 2006, Vol. 108, No. 8, pp.
2509-2519

A Trigger is usually not identified

A Check for CMV, EBV, HHV -6, Parvovirus,
Hepatitis viruses

A History of jaundice
A Medication history
A Exposures
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Pathophysiology of acquired aplastic anemia.

Neal S. Young et al. Blood 2006:108:2509 -2519
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Venn diagram of the clinical and pathophysiologic relationships among the bone marrow
failure leukemia, and i dis .

Neal S. Young et al. Blood 2006;108:2509 -2519
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Pure RedCell Aplasia=One Cell Line Down
CLASSIFICATION

Inherited

CongenitaAnemias e
BMF :
- Viral
Secondary Idiopathic Aum"Tmune
| '
A CLL A Thymoma A Epoantibodies
A LGL
A MGUS A Transient aplastic
A cviD crisis, B19
AD22RQ& &@yRNRYS A Other viruses
A Druginduced
A ACD

The Bone Marrow Garden:
Healthy Blood Stem Cells
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Healthy Platelets Aplastic Anemia

Aplastic Anemia with T Cells Aplastic Anemia with T Cells
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Aplastic Anemia i Fewer Flowers
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Treating Aplastic Anemia
Immune Suppression Medications
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Treating Aplastic Anemia
Immune Suppression Medications
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Treating Aplastic Anemia
Immune Suppression Medications
Bone Marrow Transplant
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Treating Aplastic Anemia
Immune Suppression Medications
Bone Marrow Transplant
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Treatment Options for your
bone marrow garden

A Bone Marrow Transplant

T Immune suppresses and re -seeds the marrow
with someone el sefs bl og
restore the garden.

A Intensive Immune Suppression

i Immune suppresses and use your own blood
stem cells to restore the garden.

A Eltrombopag
i Helps the seeds in the garden to grow better.

Case

Children's Specialty

A 15 year old male with newly
diagnosed SAA.

A No prior transfusions.
AHLA Matched sibling is available.

AWork-up for Inherited Bone Marrow
Failure Syndromes is negative.




Cirons Spodon G Conventional Transplant
AHLA matched sibling transplants are an
established curative approach to SAA.
A Other options include Intensive
Immune Suppression (ATG or HighCY)
A Does the data continue to support

Matched Sibling BMT as the first choice
when available?
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What is the data for an
Adolescent with SAA

ADufour et al 2014 60
Adolescence: Report form the EBMT.
AN=537 patients aged 12 -18 years in
EBMT database (10 year period from
2000-2010.
i MFD as first line
i Front line IST not followed by BMT

i Front line IST followed by BMT due to failed
upfront IST.

Y T—
vont-line IST (defined as IST) 143 pts.
Pre 2007 118 pts (8296) Pre 2007 eATG
Post 2007 25pis (18%) Post 2007 rATG
r treatment after IST B4 pls (15%)
as IST alone
hods)
B
ransplanted HSCT after Front-line
opulation failed IST MFD HSCT .
= = Characteristics of
473 pts 79pts 394 pts 537 adolescents
Donor diagnosed with AA
m%’ gggg 5 includedin the
tudy.
MMF or MMUD 13% study.
Conditioning
Cy +Flu 419 1796
Cyal 209% 729*
Cy + others 18% 2.506%
Cy+others 14% 69*
Flu + others 0% 2.506%
ATG nofes AP519% 296/ 58%
GVHD PROPH
CsA+Mix 5626w T3% -
CsA 1696w 18%w
CsA +MMF 2196w 596
Others 15%w= A%
MUD, r
& haematologica
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A OVERALL SURVIVAL

A ISTGROUP INCLUDES
S PEOPLE GOING TO

BMT LATER

Probabily

A EVENFREE
SURVIVAL

Probabisty

A IST GROUP INCLUDES
PEOPLE GOING TO
BMT LATER

3 10 2 & baematologica
Years from diagnosis ===t " e hematology fournal

52014 by Ferrata Stori Foundation Carlo Dufour et al. Haematologica 2014:99:1574  -1581
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q Probability of 3years
i ————— OS(KaplanMeier

method) for the whole
population of 537
patients stratified by
treatment.

Probability
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Conclusions
A In summary, this study demonstrates that AA in
adolescents has a very good outcome.
A If an MFD is available, HSCT performed either in an
adult or in a pediatric center using BM cells within
two months of diagnosis is the first treatment choice.
A If an MFD is not available, for the moment , IST using
the combination of ATG and CSA is still an
acceptable second therapeutic choice.
i This is largely because if IST fails, HSCT represents
a very good rescue alternative both in terms of
OS and EFS.
A Previous IST increases the risk of post -therapy tumors
that must be monitored during long -term follow up.
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A strong age effect in patients with aplastic anemia, after transplantation from an HLA
identical sibling.

First-line HLA identical sibling BMT for SAA (EBMT 2001-2010)
100%

Age 1-20 years; n =670

BO%

6%
Age 21-40 years; n = 636

60%

Age =40 years ; n = 226

Survival

a0

20%

0 913 1825 2738 3650
Days from transplant

Andrea Bacigalupo Blood 2017;129:1428 1436
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Take Home Message

A Upfront matched sibling  Bone Marrow
Transplant is the treatment of choice for SAA
in children and young adults due to
excellent long term survival with few late
effects.

i ¢ GVHD is the most impactful late effect

A Continued tinkering of the conditioning
regimen and GVHD prevention strategies to
minimize late effects especially ¢ GVHD.

i Campath, Fludarabine

Children’s Specialty

Case

A 10 year old girl with newly diagnosed

acquired SAA
A 3 siblings, no HLA match
A Options:

i Immune Suppression Therapy
i Alternative donor HPC transplant

i As outcomes change, should
recommendations change?

Children's
el ot e
Childrens Spedialty

Risk/Benefit

A Medical Decision Making is rooted in
risk/benefit.

A Ideally, RCT help us make evidence
based decisions.

A The art of medicine is making decisions
when you dondt have al
would like. (Bruce Camitta).

A Are we at a time to question the dogma
of IST>>MUD for children and young
adults with SAA?

i

Children's Specialty

Immune Suppression
Therapy

A Multiple approaches.

A NHLBI and EBMT set the benchmarks.

A Hopkins High CY approach

ANHLBI ogold standardé is ATG
(Rosenfeld 1995, Young 2003, Scheinberg 2008)

A http://www.nhlbi.nih.gov/studies/nhlbi
category

--Eltrombopag in addition to standard hATG/CSA for
newly diagnosed patients with SAA  (HOT OFF THE
PRESS..NEJM APRIL 20, 2017)

-trials/browse -



http://www.nhlbi.nih.gov/studies/nhlbi-trials/browse-category
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Survival for Entire Cohort

What is the data re: IST and how

Children's Specialty Group

does that affect decision e - e

making regarding BMT? 60% survival = .

o8 o8 SPONS
A Data from NIH i i =

MONTHS

i JAMA 2003 - - s

i Journal of Pediatrics 2008 === e e
i NEJM April 20, 2017 L I D R B D N B

Rosenfeld, S. et al. JAMA
2003;289:1130 -1135.

e —
Children's

Woapital of Wacorsn

Children's Specialty Group

Late Events After Inmunosuppressive Therapy Eltrombopag Added to Standard
Immunosuppression for Aplastic Anemia

B (g B Danielle M. Townsley, M.D., Phillip Scheinberg, M.D., Thomas Winkler, M.D.,
Ronan Desmond, M.D., Bogdan Dumitriu, M.D., Olga Rios, R.N., Barbara
o RELAPSHIp Weinstein, B.S.N., Janet Valdez, P.A., Jennifer Lotter, P.A., Xingmin
t0 40% g CLONAL EVOLUTION: Feng, Ph.D., Marie Desierto, B.S., Harshraj Leuva, M.B., B.S., Margaret
MDS/MONOSOMY 7 Bevans, Ph.D., Colin Wu, Ph.D., Andre Larochelle, M.D., Ph.D., Katherine R.
10-15% Calvo, M.D., Cynthia E. Dunbar, M.D., and Neal S. Young, M.D.
N Engl J Med
Volume 376(16):1540-1550
April 20, 2017
[ — i JAMA

Study Design and Treatment Plan According to Cohort.

Study Overview

A In a phase 2 clinical trial, eltrombopag plus standard immunosuppression
resulted in a 6-month complete-response rate of 58% among patients
receiving eltrombopag for 6 months.

A Immunosuppression alone has induced complete responses in
approximately 10% of patients historically. Wt b3 i)

Al cahorts: ATG
days 1104

Cohort 1 eftrambapag, day 14 1o 6 mo Syt
follow-up

Gahart 2 ltrombapag, day 14 1o 3 ma

Cabart 3 ehrembopag, day 1 la§ mo

2 3 4 5 6

Months

I.N Engl 3 Med 1540 -1550
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Hematologic Response in

e of the Patients
at Baseline e

Patients Treated with
Immunosuppression and
Eltrombopag.

20% Pediatric Co

Cohan

s s : ALL COHORTS
s ' 80% OR AT 3 MONTHS
e - 87% OR AT 6 MONTHS

30% CR AT 3 MONTHS

39% CR AT 6 MONTHS

-1550

e NEW ENG
JOUR

Adverse Events of Grade 3 or Higher or Serious Adverse Events
Attributed to Eltrombopag

Cumulative Incidence of Clonal Evelution by Competing Risk Analysis

T Eitrombopag, All Cohorts Historic Cohort
Table 3. Adverse Events of Grade 3 or Higher or Seriaus Adverse Events s ]
Attributed to Eltrombopag.* e 1y 2y 3 o v 2w 3w
peath, % | taqun | 1100 | i vesn% | 2004 | 3909) | s@a
Event Patients (N =92) " Tewns | sa@s) | ren | naen o, 5 787 | 10860 | 1832
. (%) . T evouonst | 5424) | 1702 | 19t | . | # evolution, s | 5923 | 7927 | 12904

9 (19

re attributed by the inves.

: Risk/Benefit? What is the data

cmmsmamcan | T0F Alternative Donor BMT in the
current era?

AEradés (DM)in Unrelated d

T Pre Camitta era (pre 1988): 25% survival
A (Greetings, Born to Run, Darkness, The River, Born in the
USA)
i Camitta era (1988 -2000): 50-60% survival
A (Tunnel of Love, Human Touch, Lucky Town, Tom Joad)
I Fludarabine Era (2000 -present): >80% survival
i (The Rising, Magic, Dream, Wrecking Ball, High Hopes)
A Bacigalupo: reduction in CY and TBI dosing
A Deeg: reduction in TBI dosing followed by reduction in
CY dosing
A Marsh: Use of Alemtuzumab and avoiding TBI in many
cases.

Conclusions

A The addition of eltrombopag to immunosuppressive therapy was
associated with markedly higher rates of hematologic response among
patients with severe aplastic anemia than in a historical cohort.

e MEW B
JURN

10
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Well Matched UNR donor BMT
in the Current Era (2005)

A Significant improvements in outcomes in the last
10-15 years reproduced in North America,
Europe, and Asia.

i Deeg (BBMT 2001)
i Bacigalupo (BMT 2005, Haematologica 2010)
i Samarasinghe (BJH 2012)
i Marsh (BMT 2014)

A Common themes include the use of Fludarabine
and Cyclophosphamide  in the conditioning
regimen and bone marrow as the HPC source

A TBI dose eliminated or low (200 cGy=2Gy)

Children's

Heapital of Wistoran
Children’s Specialty Graup

FCA

Age = 3 years; =26

Age > 13 years; n=26

P=003

0 1000 2000 3000
Days from ransplant

BacigalupoA et al. Haematologica 2010;95:976  -982
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4000

(A) Effect of age in patients receiving FCA (left panel), stratified by
the median age of 13 years.
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B
FCA-TBI
100
79%
L) 8%
Age > 27 years; n=24
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Excellent outcome of matched unrelated donor
transplantation in paediatric aplastic anaemia
following failure with immunosuppressive therapy:
a United Kingdom multicentre retrospective
experience

Children's

apital of Whscoesn

Children's Specialty Group

A Samarasinghe et al.

A BJH 2012

A N=44 for transplant with this package
i Also evaluated those receiving IST first with rabbit ATG/CSA
i All donors matched at A,B,C,DRB1,DQB1

A Fludarabine 150 mg/m2

A Cyclophosphamide
i 11:CY 200; 33: CY120

A Alemtuzumab (Campath)
i 14:0.3 mg/kg/day x3
i 30: 0.2 mg/kg/day x5

Children's
s
Clldran's Spociabty Group

Samarasinghe et al. BJH
2012

MUD HSCT
Numbers 44
Median year of diagnosis (range) 2006 (2000-2010)
Median age at HSCT (range), years 8-1(3-8-19)

Gender (Male:Female)
SAANSAA
Prior IST (number of IST courses)

No prior IST
Median year of HSCT (range)
Median interval between IST

Stem cell source: bone marrow/ PBS(

CD34 (x10%kg) (n = 35)
CD3 (x10"/kg) (n = 35)
Median Follow-up (years)

19 (43-2%):25 (56:8%)
25/19 (56-8%/ 43:2%)
40 (90-9%) (31 x 1 IST.
8x2IST.1x31IST)
4(9-1%)

2007 (2004-2010)

0-75 (0-4-2)

26 (59-1%)/18 (40:9%)
58(1:1-17:5)

30-5 (2-8-101)
2:9(1-6-3)

Excellent outcome of matched unrelated donor
transplantation in paediatric aplastic anaemia following
ChBCous Spcial, Grore, o failure with immunosuppressive therapy: a United Kingdom

(A)1oo multicentre retrospective experience

Overal sunel (A)Children with Idiopathic SAA
who received Rabbit
ATG/Ciclosporin as first line
therapy. The 5-year estimated
failure-free survival (FFS)
following immunosuppressive
therapy was 13-3% (95% CI
: L T 4-0 to 27-8) and overall survival
Time months) (OS) was 94-2% (95% CI 78-7
10 98-6). (n= 43).

Percent survival
8 & g 8

Failure-free survival

c
g

s sesse o m 1iin — s Overall and

foRe froa il (B)OS and FFS following matched
unrelated donor-haematopoietic
stem cell transplantation with
the FCC (fludarabine,
cyclophosphamide,
alemtuzumab) regimen. The
estimated 5-year OS/FFS

g

Percent survival
8 & 3

L s

50 100 150 following HSCT was 95:-01%
s Jouna o Haemadam® (OIS (95% C1 81-38 to 98-74).
pages nla-nia, 20 FEB 2012 DOL 10.1111/1365-2141.2012.00066 X (n= 44)
11111365 214120

'09066.x/1ull#hih906 -fig-0001

hildren's

Vospital of Wiscorsn

Children's Specialty Group

Samarasinghe et al. BJH
2012

MUD HSCT

S-year cumulative incidence
of acute GVHD

S-year cumulative incidence
of chronic GVHD

S-year cumulative incidence
of graft failure

Median donor chimerism at
last follow-up (n = 42)
S-year cumulative incidence
of clonal evolution

38:45% (95%CI 19-49-19-74)
11-35% (95%C1 6:92-16:43)
0%

100% (88-100%)

0%
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http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2012.09066.x/full

Outcomes from Marsh et al. 2011: Alemtuzumab/Fludarabine/Cytoxan based regimen

Judith C. Marsh et al. Blood 2011;118:2351 2357
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Take Home Message

A Well matched unrelated donor bone marrow

transplants have excellent survival with conditioning

regimens that should limit late effects.

I Mismatching and age are risk factors for

rejection.

ADondét be afraid to transpl a
A Continued refinement of the conditioning regimen

to prevent rejection and GVHD prevention

strategies to minimize late effects especially

cGVHD.

i Campath, Fludarabine (Marsh data)

What if one approached MUD like
we do MSD Transplants for SAA?

Aldeally, a question for a RCT.

A However, this has taken off in Europe
due to the data from Marsh and
Bacigalupo.

A Case/Controlled Study provides
provocative data.

A Dufour et al BJH 2015
i Doi: 10.1111/bjh.13614

]
Children's METHODS: Dufour et al. BJH 2015

Heapital of Wistoran
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A Upfront MUD/MMUD HSCT cohort

A Data from 29 consecutive children who all lacked a MSD but
then who went on to receive an upfront unrelated donor HSCT
was collected retrospectively from nine UK paediatric centres
where HSCTs were performed between December 2005 and
April 2014.

A High resolution tissue typing (four digit matching) was done at
ten alleles (HLA -A,-B,-C,-DRBL1,-DQ). 24 - 10/10; 5- 9/10

A Matched historical controls

A The upfront MUD/MMUD cohort were then compared to
historical controls from the EBMT SAA database who had
undergone a first -line therapy with MSD HSCT or IST with horse
ATG (lymphoglobulin) and ciclosporin or second -line therapy
with MUD HSCT post-failed IST.

A Controls were extracted from the EBMT SAA Working Party
database from the period spanning 1 January 2000 to 31

December 2009.
| s | = T —
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