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Acquired Aplastic Anemia in children
What is aquired aplastic anemia ?
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Camitta, Blood 1976

How A.L.G. acts is unknown, but our findings accord with the hypothesis that, in a 

substantial proportion of cases of aplastic anaemia, unspecified autoimmune 

reactions block the development of residual stem cells.

Speck, Lancet 1977

Patients presenting with cytopenia and fitting the above criteria may be affected 

with different conditions that must be excluded before establishing a diagnosis of 

idiopathic aplastic anemia. All patients should be studied to rule out hypoplastic

myelodysplasia/leukemia, congenital marrow failure, infections, and Paroxysmal 

Nocturnal Haemoglobinuria (PNH).

Dufour, Int J Hem  2015



(Pan)cytopenia in children
Diagnostic and therapeutic Challenges
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Aquired Aplastic anemia in children
Diagnostic tools
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• Family history: hematological disease, cancer predisposition

• Clinical assessment: short stature, failure to thrive, dysmorphic features

(microcephaly, face, skeletal), organ malformations (heart, GU) 

• Bone marrow aspirate and biopsy

• Cytogenetics

• PNH

• Lymphocyte subpopulations, immunoglobulins, autoantibodies 

• Functional test to exclude IBMF i.e. FA/DC

• Molecular Genetics 



Aquired Aplastic anemia in children  
Exclusion of IBMFS: BSH Guidelines   
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Smarasinghe, BJH 2018



Aplastic Anemia in children
Possibility of undiagnosed inherited bone marrow failure syndrome ?  
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• Fanconi Anemia

RCC: 15% patients diagnosed with FA, 8% without typical clinical signs

Yoshimi, BJH 2012

30-40% of patients with FA without obvious clinical evidence

Shimamura, Alter, Blood Reviews 2010 

 Exclusion by chromosomal breakage/growth arrest mandatory

• Dyskeratosis congenita

RCC:  5% Patienten mit Mutationen mit Dyskeratosis Congenita

assoziierten Genen

Ortmann, Haematologica 2006, Wlodarski/Karow, unpublished

 Telomere length measurement mandatory ? 



Telomere and AA: Recognizing underlying DC ? 
Screening patients with SAA for short telomeres ?  
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Du, Blood 2009

DC

AA

Other BMFS

TERT mutations

Telomere length < 1.P

• highly sensitive for DC

• not specific for DC



Telomere and AA: Recognizing underlying DC ? 
Telomere length in dyskeratosis congenita

8 · 21. April 2018

Alter, Haematologica 2015



Telomere and AA: Recognizing underlying DC ? 
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Alter, Haematologica 2015

Telomere length in other BMFS  



EWOG-SAA 2010 
Preliminary result of telomere length measurements in EWOG-SAA 2010 (n=77) 
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Telomere biology
Mechanisms of telomere attrition
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Townsley, Blood 2014



Telomeres and AA: Recognizing underlying DC ? 
Screening patients with SAA for short telomeres ?  
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Dyskeratosis congenita: 

The diagnosis can be made in the clinic examining room, based on a good 

personal and family history and even a cursory physical examination. Patients may 

make their own diagnosis using the Internet—better than subspecialists who do not 

query outside their organ system of interest. 

Townsley, Blood 2014

A telomeropathy should be considered in all patients with AA or hypoplastic MDS, 

and testing should be performed when treatment decisions might be affected. 



Aquired Aplastic anemia
Exclusion of IBMFS: BSH Guidelines   
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Smarasinghe, BJH 2018



Aplastic Anemia in children
Detection of germline mutations to identify underlying IBMF     
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• Identification of germline variants in children with AA (n=98)  

Keel, Haematologica 2016 



Acquired Aplastic Anemia
Somatic mutations and clonal hematopoiesis – link to immune pathology
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Yoshizato, NEJM, 2015 



Acquired Aplastic Anemia
Clonal hematopoiesis with CNN 6pLOH
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Katagiri, Blood 2011 



Acquired Aplastic Anemia
Somatic HLA mutations
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Babushok, Blood Adv 2017, Stanley BJH 2017 



Acquired Aplastic Anemia
Somatic HLA mutations
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Babushok, Blood Adv 2017 



Acquired Aplastic Anemia
Clonal Hematopoiesis in AA 
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Stanley, BJH 2017 



Acquired Aplastic Anemia in children
What is aquired aplastic anemia ?

How A.L.G. acts is unknown, but our findings accord with the hypothesis that, in a 

substantial proportion of cases of aplastic anaemia, unspecified autoimmune 

reactions block the development of residual stem cells.

Speck, Lancet 1977



Aquired aplastic Anemia
An immune mediated disease: Clinical evidence
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Risk of Relapse 38%

PNH/Clonal evolution/malignancy 25%

CSA dependence (CSA Group) 26%

Champlin,  NEJM 1983 

Frickhofen, NEJM 1991

Frickhofen, Blood 2003



Immunsupressive Therapy in Children with AA 
Excellent OS despite considerable incidence of  NR, relapse and clonal evolution
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Samarasinghe,  BJH 2012 



Horse versus Rabbit ATG in SAA 
hATG is asociated with a better response to IST and better survival
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Scheinberg, NEJM 2011 



Horse versus Rabbit ATG in SAA 
hATG is asociated with a better response to IST

24 · 21. April 2018

Yoshimi, Blood 2013 



EWOG-SAA 2010: IST  
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Rosenfeld NEJM 2003

Scheinberg, BJH 2006 

Scheinberg Haematologica 2009 

60% 

61%

CI of relapse 35 %

hATG, CSA and MMF hATG, CSA ± sirolimus



IST in SAA  

05.05.2017

Predictive Markers for Repsonse to IST 

• Disease Severity

• Age 

• Pre-treatment reticulocyte count

• Pre-treatment lymphocyte count

• Interval from diagnosis to treatment

• Skewing of the Vß repertoire

• Presence of PNH clone at diagnosis

• Telomere length

Führer, Blood 2005

Scheinberg, J  Pediatrics 2008 

Yoshida, Haematologica 2011

Sugimori, Blood 2006

Maciejewski, BJH 2001

Schuster, BJC 2011

Narita, Haematologica 2015 

Figure 2. Response rates of immunosuppressive therapy (IST) 

at 3 and 6 months according to predicting stratification. 

No factor with sufficient and reliable

prognostic power to allow stratification. 

• Score of PNH+/TL not shortened
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NEJM, 2012



Eltrombopag in SAA 

Eltrombopag Added to Standard Immunosuppression in Treatment-Naive Severe Aplastic 

Anemia (NCT01623167)

Sponsor: NIH

Phase 1/2 study to test the safety and effectiveness of adding eltrombopag to standard 

immunosuppressive therapy for severe aplastic anemia.

Clinical Trials 
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Townsley, NEJM 2017



Eltrombopag in SAA 

Eltrombopag Added to Standard Immunosuppression in Treatment-Naive Severe Aplastic 

Anemia (NCT01623167)

Sponsor: NIH

Phase 1/2 study to test the safety and effectiveness of adding eltrombopag to standard 

immunosuppressive therapy for severe aplastic anemia.

RACE: hATG+CsA vs hATG+CsA+Eltrombopag for SAA

Sponsor: EBMT 

A Prospective Randomized Multicenter Study Comparing Horse Antithymocyte Globuline 

(hATG) + Cyclosporine A (CsA) With or Without Eltrombopag as Front-line Therapy for Severe

Aplastic Anemia Patients

Eltrombopag in addition to standard IST (CETB115E2201)

Sponsor: Novartis 

A phase II, open-label, non-controlled, intra-patient dose-escalation study to characterize the 

pharmacokinetics after oral administration of eltrombopag in refractory, relapsed/recurrent or 

treatment naïve pediatric patients with severe aplastic anemia

Clinical Trials 
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Acquired Aplastic Anemia
Traditional Treatment Algorithm for Children and Adolescents
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SAA

MRD ?

IST
ATG/CSA+/-G-CSF

HSCT 

yes no

NR

HSCT 



Acquired Aplastic Anemia in Children
Overall Survival following MSD-HSCT and IST

33 · 21. April 2018

Strahm, BMT, EBMT abstract 2013

Fig.3: Probability of overall survival according to

the year of HSCT.

Med. age at Dx: 10.4 (1.9-16.5) years

Severity: VSAA 53, SAA 29, NSAA 6

Prep. Regimen: Cy/ATG

GvHD Prophylaxis: CSA/MTX 

N=213

Med. age at Dx:         10 (0-16) years

Prep. Regimen: Cy+/-ATG+/-TBI, Flu/Cy+/-ATG+/-TBI

GvHD Prophylaxis:     CSA/MTX (174)

Yoshida, Haematologica 2014

SAA94
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MUD-HSCT

From: Devillier et al. Unrelated alternative donor transplantation for severe acquired aplastic anemia: a study from the French Society 

of Bone Marrow Transplantation and Cell Therapies and the Severe Aplastic Anemia Working Party of EBMT. Haematologica 2016.

Review of major series 

involving UD Allo-HSCT
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EWOG-SAA 2010
Stratification of therapy according to donor availability
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Upfront unrelated HSCT in children with SAA
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Bathnagar, BMT – EBMT abstract 2014

Outcome : Median FUP 22 months

pOS at 2.5 yrs 95 %

pEFS at 2.5 yrs 92 %

Donor chimerism, median(range) 100 (88-100) %

aGvHD °III-IV 7.4 %

cGvHD 22.2 % (limited to skin)



Dufour C, BJH 2015



Acquired Aplastic Anemia in children
Summary and future challenges
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• AA is an acquired immune-mediated disease

• Exclusion of IBMF and other differential diagnosis is essential 

• Diagnostic tools must be clinically meaningful and should not delay treatment

- Teleomere length

- Screening for germline and/or somatic mutations

• Immunosuppressive therapy remains a valuable treatment option

- no improvement by intensified IS

- no valuable biomarker for stratification available  TL/PNH?

- addition of eltrombopag should be studied within clinical trials

• HSCT offers excellent outcome

- MSD-HSCT is considered standard of care

- MUD-HSCT is considered standard of care after IST failure

- role of upfront MUD HSCT should be studied in clinical trials



Thank you, 
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The EWOG-Community

Members

Pediatric Hem/Onc Societies of 18 Nations 

Organized by

Regional Coordinators, Pathologists, Cytogeneticists

Austria Belgium

Czech Republic Denmark

Germany Greece

Hungary Island

Israel Italy

Ireland Norway

Poland Slovakia

Spain Sweden

Switzerland The Netherlands



Acquired Aplastic Anemia
• An immune-mediated disease: destruction of HSPC  
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Zeng, Clin & Exp Immunology 2015 


