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Learning Objectives

ÅHelp you understand the diagnosis of 
aplastic anemia.

ÅTranslate your understanding of 

aplastic anemia into options for 

treatment that are data based.

ÅEmpower you to discuss with your 

physician treatment options.

Differential Diagnosis for 

Pancytopenia 

ÅAcquired Severe Aplastic Anemia

ÅInherited Marrow Failure Syndrome
ïFanconi Anemia

ïDyskeratosis Congenita

ïSchwachman -Diamond Syndrome

ÅMDS

ÅLeukemia

ÅAutoimmune Disease

ÅNutritional Deficiencies

APLASTIC BONE MARROW

HEALTHY BONE MARROW

What is Aplastic Anemia

ÅAcquired Aplastic Anemia is a disease 
caused by too few hematopoietic 

progenitor cells leading to too few red 

blood cells, white blood cells, and 

platelets.

ÅAcquired Aplastic Anemia needs to be 
differentiated from inherited bone 

marrow failure syndromes.
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CAMITTA CRITERIA for 

SEVERITY of APLASTIC ANEMIA

ÅSEVERE AA  (SAA)

PERIPHERAL BLOOD (2 of 3):

ÈPMN < 500/ul

ÈPLATELETS < 20,000/ul

ÈRETICULOCYTES< 20,000/ul (< 1%)

MARROW: hypocellular

ÅVERY SEVERE AA (VSAA): PMN < 200

ÅMILD AA: LESS AFFECTED THAN SAA 

The Bone Marrow is 

Aplastic:  Is it Acquired 

Aplastic Anemia?

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

ÅPresentation is in adulthood as well as 
childhood.

ÅProper treatment is based on the 
correct diagnosis.

Åwww.marrowfailure.cancer.gov

Inherited Bone Marrow Failure 

Syndromes

ÅFanconi Anemia -40% without physical 
stigmata so must do diagnostic/functional 
DEB test to look for chromosome breakage.  
ïIf DEB test abnormal, genetic testing to classify 

defect.

ÅDyskeratosis Congenita -Classic telomere 
biology disease.  
ïNail dystrophy, leukoplakia, lung and liver disease 

significant.  
ïTelomere length analysis is becoming a 

standard(?) test (stay tuned). 
ïGenetic testing commercially available.

Inherited Bone Marrow Failure 

Syndromes

ÅSchwachman -Diamond Syndrome -SBDS 
gene defect.  Exocrine pancreatic 
deficiency and neutropenia.  
ïIsoamylase and Trypsinogen are easy 

screening tests.

ïGenetic Testing commercially available.

ÅCongenital Amegakaryocytic 
Thrombocytopenia -MPL gene defect. 
Profound thrombocytopenia even at 
birth. 
ïGenetic testing commercially available.  

Telomeres 101

Å Telomeres are repeat sequences at the ends of 
chromosomes, which are protective chromosomal 
material.

ÅMolecular mechanisms have evolved to maintain 
telomere length and protective function.

ÅMutations in the genes that maintain and protect 
telomeres cause human disease including marrow 
failure, liver fibrosis and lung fibrosis.

ÅAndrogenõs can help certain patients with telomere 
disease.

ÅDyskeratosis Congenita is the classic disease of telomere 
biology.

ÅTownsley, Bumitru and Young òBone Marrow Failure and 
the telomeropathiesó
ïDOI http://dx.doi.org/10.1182/blood -2014-05-526285

My patient has acquired 

SAA: What was the trigger?

ÅInciting event leads to an immune mediated 
destruction of blood progenitor cells
ïYoung et al. Blood, 15 October 2006, Vol. 108, No. 8, pp. 

2509-2519

ÅTrigger is usually not identified

ÅCheck for CMV, EBV, HHV -6, Parvovirus, 
Hepatitis viruses

ÅHistory of jaundice

ÅMedication history 

ÅExposures
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Pathophysiology of acquired aplastic anemia. 

Neal S. Young et al. Blood 2006;108:2509 -2519

©2006 by American Society of Hematology

Venn diagram of the clinical and pathophysiologic relationships among the bone marrow 
failure syndromes, leukemia, and autoimmune diseases. 

Neal S. Young et al. Blood 2006;108:2509 -2519

©2006 by American Society of Hematology

Pure Red Cell Aplasia=One Cell Line Down
CLASSIFICATION

Isolated 
reticulocytopenic

anemias

Congenital Anemias
BMF

Inherited       

Acquired 

Secondary Idiopathic 

Viral 
Autoimmune 

Å Transient aplastic 
crisis, B19 

Å Other viruses 

Å EpoantibodiesÅ CLL
Å LGL
Å MGUS 
Å CVID
ÅDƻƻŘΩǎ ǎȅƴŘǊƻƳŜ
Å Drug-induced
Å ACD  

Å Thymoma
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Treatment Options for your 

bone marrow garden

ÅBone Marrow Transplant

ïImmune suppresses and re -seeds the marrow 

with someone elseõs blood stem cells to 
restore the garden.

ÅIntensive Immune Suppression

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

ÅEltrombopag

ïHelps the seeds in the garden to grow better.

Diagnostic procedures in patients with pancytopenia. 

Andrea Bacigalupo Blood 2017;129:1428 -1436

©2017 by American Society of Hematology

Case

Å15 year old male with newly 
diagnosed SAA.

ÅNo prior transfusions.

ÅHLA Matched sibling is available.

ÅWork-up for Inherited Bone Marrow 
Failure Syndromes is negative.
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Conventional Transplant

ÅHLA matched sibling transplants are an 
established curative approach to SAA.

ÅOther options include Intensive 

Immune Suppression (ATG or HighCY)

ÅDoes the data continue to support 
Matched Sibling BMT as the first choice 

when available?

What is the data for an 

Adolescent with SAA

ÅDufour et al 2014 òOutcome of AA in 
Adolescence: Report form the EBMT.

ÅN=537 patients aged 12 -18 years in 
EBMT database (10 year period from 
2000-2010.
ïMFD as first line

ïFront line IST not followed by BMT

ïFront line IST followed by BMT due to failed 
upfront IST.

Characteristics of 
537 adolescents 

diagnosed with AA 
included in the 

study.

©2014 by Ferrata Storti Foundation

Pre 2007 eATG
Post 2007 rATG

Carlo Dufour et al. Haematologica 2014;99:1574 -1581©2014 by Ferrata Storti Foundation

Å OVERALL SURVIVAL

Å IST GROUP INCLUDES 
PEOPLE GOING TO 
BMT LATER

Å EVENT-FREE 
SURVIVAL

Å IST GROUP INCLUDES 
PEOPLE GOING TO 
BMT LATER

©2014 by Ferrata Storti Foundation

Probability of 3-years 
OS(Kaplan-Meier 
method) for the whole 
population of 537 
patients stratified by 
treatment. 

Probability of 3-years 
EFS(Kaplan-Meier 
method) for the 
whole population of 
537 patients 
stratified according 
to treatment.

©2014 by Ferrata Storti Foundation
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Conclusions
Å In summary, this study demonstrates that AA in 

adolescents has a very good outcome. 

Å 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. 

Å If an MFD is not available, for the moment , IST using 
the combination of ATG and CSA is still an 
acceptable second therapeutic choice. 

ïThis is largely because if IST fails, HSCT represents 
a very good rescue alternative both in terms of 

OS and EFS. 

ÅPrevious IST increases the risk of post -therapy tumors 

that must be monitored during long -term follow up.

A strong age effect in patients with aplastic anemia, after transplantation from an HLA 
identical sibling. 

Andrea Bacigalupo Blood 2017;129:1428 -1436

©2017 by American Society of Hematology

Take Home Message

ÅUpfront 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.

ïc GVHD is the most impactful late effect

ÅContinued tinkering of the conditioning 

regimen and GVHD prevention strategies to 

minimize late effects especially c GVHD.

ïCampath, Fludarabine

Case

Å10 year old girl with newly diagnosed 
acquired SAA

Å3 siblings, no HLA match

ÅOptions:  

ïImmune Suppression Therapy

ïAlternative donor HPC transplant

ïAs outcomes change, should 

recommendations change?

Risk/Benefit

ÅMedical Decision Making is rooted in 
risk/benefit.

ÅIdeally, RCT help us make evidence 
based decisions.

ÅThe art of medicine is making decisions 
when you donõt have all the data you 
would like. (Bruce Camitta).

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

Immune Suppression 

Therapy
ÅMultiple approaches.

ÅNHLBI and EBMT set the benchmarks.

ÅHopkins High CY approach

ÅNHLBI ògold standardó is ATG/CSA/Prednisone 
(Rosenfeld 1995, Young 2003, Scheinberg 2008)

Åhttp://www.nhlbi.nih.gov/studies/nhlbi -trials/browse -
category

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

http://www.nhlbi.nih.gov/studies/nhlbi-trials/browse-category
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What is the data re: IST and how 

does that affect decision 

making regarding BMT?

ÅData from NIH

ïJAMA 2003

ïJournal of Pediatrics 2008

ïNEJM April 20, 2017
Rosenfeld, S. et al. JAMA 
2003;289:1130 -1135.

ALL PATIENTS-
60% survival

RESPONSE 
AT THREE 
MONTHS

Copyright restrictions may apply.

Late Events After Immunosuppressive Therapy

RELAPSE-up 
to 40% CLONAL EVOLUTION: 

MDS/MONOSOMY 7

10-15%

Original Article

Eltrombopag Added to Standard 
Immunosuppression for Aplastic Anemia

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 

Weinstein, B.S.N., Janet Valdez, P.A., Jennifer Lotter, P.A., Xingmin 
Feng, Ph.D., Marie Desierto, B.S., Harshraj Leuva, M.B., B.S., Margaret 

Bevans, Ph.D., Colin Wu, Ph.D., Andre Larochelle, M.D., Ph.D., Katherine R. 
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

Study Overview

Å 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.

Å Immunosuppression alone has induced complete responses in 
approximately 10% of patients historically.

Study Design and Treatment Plan According to Cohort.

Townsley DM et al. N Engl J Med 2017;376:1540 -1550



7/11/2017

10

Characteristics 
of the Patients 

at Baseline .

Townsley DM et al. N Engl J Med 2017;376:1540 -1550

20% Pediatric Cohort

Hematologic Response in 
Patients Treated with 

Immunosuppression and 
Eltrombopag.

Townsley DM et al. N Engl J Med 2017;376:1540 -1550

ALL COHORTS
80% OR AT 3 MONTHS
87% OR AT 6 MONTHS

30% CR AT 3 MONTHS
39% CR AT 6 MONTHS

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

Townsley DM et al. N Engl J Med 2017;376:1540 -1550

Blue Line=Clonal Evolution

Conclusions

Å 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.

Risk/Benefit?  What is the data 

for Alternative Donor BMT in the 

current era?
ÅEraõs (DM)in Unrelated donor BMT for SAA
ïPre Camitta era (pre 1988):  25% survival 
Å(Greetings, Born to Run, Darkness, The River, Born in the 

USA)

ïCamitta era (1988 -2000):  50-60% survival 
Å(Tunnel of Love, Human Touch, Lucky Town, Tom Joad)

ïFludarabine Era (2000 -present): >80% survival 
ï(The Rising, Magic, Dream, Wrecking Ball, High Hopes)

ÅBacigalupo: reduction in CY and TBI dosing

ÅDeeg: reduction in TBI dosing followed by reduction in 
CY dosing

ÅMarsh: Use of Alemtuzumab and avoiding TBI in many 
cases.
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Well Matched UNR donor BMT 

in the Current Era (2005)

ÅSignificant improvements in outcomes in the last 

10-15 years reproduced in North America, 
Europe, and Asia.

ïDeeg (BBMT 2001)

ïBacigalupo (BMT 2005, Haematologica 2010)

ïSamarasinghe (BJH 2012)

ïMarsh (BMT 2014)

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

ÅTBI dose eliminated or low (200 cGy=2Gy)

(A) Effect of age in patients receiving FCA (left panel), stratified by 
the median age of 13 years.

Bacigalupo A et al. Haematologica 2010;95:976 -982

©2010 by Ferrata Storti Foundation

Excellent outcome of matched unrelated donor 

transplantation in paediatric aplastic anaemia 
following failure with immunosuppressive therapy: 

a United Kingdom multicentre retrospective 

experienceÅ Samarasinghe et al.

Å BJH 2012

Å N=44 for transplant with this package

ïAlso evaluated those receiving IST first with rabbit ATG/CSA

ïAll donors matched at A,B,C,DRB1,DQB1

Å Fludarabine 150 mg/m2

Å Cyclophosphamide

ï11: CY 200; 33: CY120 

Å Alemtuzumab (Campath)

ï14: 0.3 mg/kg/day x3

ï30: 0.2 mg/kg/day x5

Samarasinghe et al. BJH 

2012

Excellent outcome of matched unrelated donor 
transplantation in paediatric aplastic anaemia following 

failure with immunosuppressive therapy: a United Kingdom 
multicentre retrospective experience

British Journal of Haematology
pages n/a-n/a, 29 FEB 2012 DOI: 10.1111/j.1365-2141.2012.09066.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1365 -2141.2012.09066.x/full#bjh9066 -fig-0001

(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 
4·0 to 27·8) and overall survival 
(OS) was 94·2% (95% CI 78·7 
to 98·6). ( n = 43). 

(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 
following HSCT was 95·01% 
(95% CI 81·38 to 98·74). 
(n = 44)

Samarasinghe et al. BJH 

2012

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2012.09066.x/full
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Outcomes from Marsh et al. 2011:  Alemtuzumab/Fludarabine/Cytoxan based regimen

Judith C. Marsh et al. Blood 2011;118:2351 -2357

©2011 by American Society of Hematology

Take Home Message

ÅWell matched unrelated donor bone marrow 

transplants have excellent survival with conditioning 
regimens that should limit late effects.

ïMismatching and age are risk factors for 
rejection.

ÅDonõt be afraid to transplant in the current era.

ÅContinued refinement of the conditioning regimen 
to prevent rejection and GVHD prevention 

strategies to minimize late effects especially 
cGVHD.

ïCampath, Fludarabine (Marsh data)

What if one approached MUD like 

we do MSD Transplants for SAA?

ÅIdeally, a question for a RCT.

ÅHowever, this has taken off in Europe 

due to the data from Marsh and 

Bacigalupo.

ÅCase/Controlled Study provides 
provocative data.

ÅDufour et al BJH 2015

ïDoi: 10.1111/bjh.13614

METHODS: Dufour et al. BJH 2015

Å Upfront MUD/MMUD HSCT cohort

Å 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. 

Å High resolution tissue typing (four digit matching) was done at 

ten alleles (HLA -A,-B,-C,-DRB1, -DQ). 24 - 10/10; 5 - 9/10

Å Matched historical controls

Å 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. 

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

December 2009. 

OVERALL SURVIVAL 
upfront MSD VS 
upfront MUD

EVENT-FREE 
SURVIVAL
upfront MSD VS 
upfront MUD

British Journal of Haematology
Volume 171, Issue 4, pages 585-594, 28 JUL 
2015 DOI: 10.1111/bjh.13614
http://onlinelibrary.wiley.com/doi/10.1111/
bjh.13614/full#bjh13614-fig-0002

OVERALL 
SURVIVAL 
MUD vs IST 
using eATG and 
CSA

EFS SURVIVAL 
MUD vs IST 
using eATG and 
CSA

http://onlinelibrary.wiley.com/doi/10.1111/bjh.2015.171.issue-4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/bjh.13614/full#bjh13614-fig-0002



