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Abbreviations 
 
 

AA Aplastic anemia  
ACTH Adrenocorticotropic Hormone 
AD Autosomal Dominant 
AFP Alfa-fetoprotein 
ALT Alanine Aminotransferase 
AMA Acquired Aplastic Anemia 
AML Acute Myeloid Leukemia 
APCs Apheresis Platelet Concentrates 
AR Autosomal Recessive 
AST Aspartate Aminotransferase 
ATG Anti-thymocyte Globulin 
AVK Antivitamin K 
BMT Bone Marrow Transplant 
BSA            Body Surface area 
CBC Complete Blood Count 
CBU  Cord Blood Unit 
CECOS Center for the Study and Conservation of Eggs and Human Sperm 
CML Chronic Myeloid Leukemia 
CMML Chronic Myelomonocytic Leukemia 
CMV Cytomegalovirus 
CSA Ciclosporin A 
CY Cyclophosphamide 
DBA Diamond Blackfan Anemia 
EBMT  European Society for Blood and Marrow Transplantation 
EBV Epstein Barr virus 
ELT Eltrombopag 
EPO Erythropoietin 
FA Fanconi Anemia 
FISH Fluorescence in situ Hybridization 
FLU Fludarabine 
G-CSF Granulocyte Colony-Stimulating Factor 
GvHD Graft Versus Host Disease 
GVL Graft Versus Leukemia (the graft's response to the disease) 
HAS French Health Authority 
Hb Hemoglobin 
HbF Fetal Hemoglobin 
HIV Human Immunodeficiency Virus 
HLA Human Leukocyte Antigen 
HSC Hematopoietic Stem Cells 
HT Hypertension 
IBMF Inherited Bone Marrow Failure 
IgG Immunoglobulin G 
IgM Immunoglobulin M 
IUGR Intrauterine Growth Retardation 
IV Intravenous  
IVES Intravenous Electric Syringe  
LBP Labile Blood Products 
LIC Liver Iron Content 
LMWH Low Molecular Weight Heparin 
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LTC Long-term Condition 
MA Marketing Authorization 
MAP Medically Assisted Procreation 
MAP Medically Assisted Procreation 
MDPH Departmental Center for Disabled People 
MDS Myelodysplastic Syndromes 
MMF Mycophenolate Mofetil 
MRD  Matched related donor  
MRI Magnetic Resonance Imaging  
MDT Multi Disciplinary Team  
NOAC New Oral Anticoagulants 
PC Platelet Concentrate 
PE Patient Education 
FGMP French Genomic Medicine Plan - 2025 programm 
PID Pre-Implantation Diagnosis 
PMN Polymorphonuclear Neutrophils 
PND Prenatal Diagnosis 
PNDS French National Diagnosis and Care Protocol 
PNH Paroxysmal Nocturnal Hemoglobinuria 
PRBC Unit of packed red blood cells 
RC Reference Center 
RLMB Reference Laboratory of Medical Biology 
RP              Ribosomal Proteins 
SC Solid Cancer 
SFGM-TC Francophone Society of Bone Marrow Transplantation and Cellular 

Therapy  
SIA Search for Irregular Agglutinins  
SIV Slow Intravenous 
TBI Total Body Irradiation 
TPE            Therapeutic Patient Education 
TPO Thrombopoietin 
TPO-RAs Thrombopoietin Receptor Agonists  
  



 

 
6 

Summary for Physicians and Pediatricians   

 General information  
 

Aplastic Anemia (AA) is a quantitative bone marrow failure, secondary to the complete or partial 
disappearance of hematopoietic tissue, without abnormal cell proliferation (aplastic anemia is not 
a cancer). 
 
The cessation of production of hematopoietic stem cells (HSC) leads to a global failure of 
hematopoiesis, resulting in cytopenia that will be observed in the CBC. 
 
There are different mechanisms contributing to the occurrence of aplastic anemia: most aplastic 
anemias are idiopathic (a priori autoimmune), 15% to 20% are inherited (genetic), particularly in 
children, and some are favored by exposure to toxic or medicinal agents (1% to 2%). 
 
AA is a rare disease with an incidence of 2–3 cases per million inhabitants per year in Europe and 
the United States. Its prevalence is 1 person per 250,000 inhabitants. 
 
The symptoms and severity of AA differ from patient to patient. Aplastic anemia is most often 
suspected where there is pancytopenia (anemia, neutropenia and thrombocytopenia) with 
aregenerative anemia: the platelet lineage is almost constantly affected. Neutrophils are 
sometimes spared. These cytopenias can develop in a few days or more slowly over a few months 
or years (especially for constitutional aplasias). In general, bicytopenia or pancytopenia always 
requires specialized hematological advice. 
 
From the treatment point of view, only severe and very severe forms require treatment, as well as 
moderate AA in case of transfusin requirement. Other forms simply requires monitoring. 
 
The risk of death exists (although it is in sharp decline) and predominates during the first months 
of the disease or in the case of advanced disease that is refractory to any treatment. Death usually 
occurs as a result of severe bleeding or serious infection. This disease also exposes the patient 
to the risk of secondary progression to myelodysplastic syndrome or acute leukemia (myeloid 
hemopathies, basically). The therapeutic program for a patient with moderate AA begins with the 
first transfusion, in coordination with the blood transfusion center and a hematologist or pediatric 
hematologist. It is therefore essential to refer the patient quickly to an expert center (reference 
center or center of expertise). 
 
In severe idiopathic AA, therapeutic management is an emergency because any delay in treatment 
has an impact on the prognosis. Bone marrow allograft is the standard treatment for patients under 
40 years of age with an HLA-identical intrafamilial donor. More than 80% of cases of severe 
acquired MA are cured in this situation. In the absence of an intrafamilial donor or if the patient is 
over 40 years of age, a combination of horse anti-thymocyte globulins (ATG), ciclosporin and 
eltrombopag is the treatment of choice. In severe and very severe forms in adults, the standard 
treatment is now a triple therapy combining horse ATG, ciclosporin and eltrombopag (Peffault de 
Latour et al. 2022); in children, there is no indication for the use of eltrombopag as first-line therapy. 
This immunosuppressive treatment is effective in 80% of patients with variable quality of response. 
The median response to this treatment is around 3 months. Transplantation of HSC from an 
unrelated donor (from anonymous voluntary donors) may be necessary for young refractory or 
relapsed subjects after immunosuppressive therapy. The results are less good than in the case of 
transplantation from a compatible family donor, given the risk of graft versus host disease (GvHD), 
which is the main complication of transplantation in this setting and potentially fatal.  
 
 
 

HSC transplantation is the only cure for hematological involvement in constitutional (genetic) forms.  
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 Management in cases where aplastic anemia is suspected and during 

outpatient follow-up  
 

Assessing clinical signs of severity requiring emergency hospitalization:  
 

► In the case of fever in a neutropenic patient (<500 PMN/mm3 or 0.5 G/L):  
In general, any fever occurring in a neutropenic patient (<0.5 G/L) requires hospital advice. 

 

- Poorly tolerated fever with chills and shock 
- Ulcero-necrotic or antibiotic-resistant angina  
- Fever resistant to antibiotics after 48 hours 
- Fever greater than 38.5°C in a patient with a central venous line 
 
 

► In the case of poor tolerance of anemia:  
 

- Functional signs of intolerance: dyspnea on the slightest exertion, dizziness, headache, 
malaise, poorly tolerated tachycardia, angina, confusion, asthenia, anorexia in small children 

- Transfusion of units of packed red blood cells is necessary in case of clinical intolerance or 
systematically if hemoglobin level <7 g/dL (higher threshold in case of comorbidities) 

 

► In case of bleeding risk:  
 

There is usually no spontaneous bleeding risk if platelets are greater than 20 G/L in adults or 10 
to 20 G/L in children, except in cases of associated thrombopathy, associated anticoagulant or 
antiplatelet therapies, or processes promoting bleeding (digestive damage, poorly controlled HT). 
Platelet transfusion should be considered:  
 

- in the case of patent bleeding (extensive purpura, mucocutaneous hemorrhage, epistaxis, 
hematuria, etc.) 

- as prophylaxis in the case of thrombocytopenia of less than 20 G/L in adults, 10 to 20 G/L in 
children (it is possible to lower this threshold to 10 G/L in regularly transfused patients with 
mild symptoms) 
 

 

 In the event of an emergency, contact the local hospital service of the national network, 
available on the List of Centres website 

 

In the event of any problems, contact a doctor from the reference center (RC) or a center of 
expertise for "Aplastic anemia”. The reference center can be called on 01 42 49 96 39 between 
8am and 5pm.  
Outside of these hours: 

- the on-call hematologist at Hôpital Saint-Louis can be contacted via the switchboard on 
01 42 49 49 49 
- the on-call pediatrician for pediatric hematology at Hôpital Robert-Debré can be contacted 
on 01 40 03 53 88 or via the switchboard on 01 40 03 20 00 

 

Confirming the diagnosis and assessing disease severity:  
 
This stage of diagnosis requires the patient to be referred to an adult or pediatric hematology 
center on the list of centers of the national network compiled by the reference center (below).  
The assessment of severity and comorbidities and the search for potential underlying genetic 
diseases will guide the therapeutic approach to be followed and subsequent monitoring.  
 
The attending physician can provide essential information for therapeutic management: family or 
personal past medical history, recently initiated treatments or available previous blood 
counts (normal or abnormal). 
 
 

Initial therapeutic management 
 

Initial therapeutic management depends on the severity of aplastic anemia and the patient’s age. 
It requires prolonged hospitalization in the majority of cases. Only moderate Aplastic anemia or 

http://www.aplasiemedullaire.com/website/liste_des_membres_&400&85.html
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elderly patients will be monitored on an outpatient basis through regular checks on the blood count 
(alternating between general practitioners and hospital physicians).  
 

Multidisciplinary team(MDT) meetings  
 

Cases can be discussed at the MDT meetings organized by the Aplastic anemia Reference Center 
(RC). These are usually held on the first and third Wednesdays of each month (dates available on 
the website www.aplasiemedullaire.com). The case must be presented by a doctor using the MDT 

meetings case presentation form (available in the section for professionals on the same site), 

which must be sent by email no later than 48 hours before the MDT meetings to: 
valerie.quinet@aphp.fr or by fax to 01 42 49 96 36.  
 

French National Registry of Bone Marrow Failures (RIME) 
 
A national registry of acquired and inherited bone marrow failures (RIME), coordinated by the 
reference center (Prof. Régis Peffault de Latour - Dr. Flore Sicre de Fontbrune - Prof. Thierry 
Leblanc - Ms. Isabelle Brindel) was set up in early 2017 and allows the anonymized recording of 
clinical/biological data concerning patients with acquired and inherited Aplastic anemia  and 

paroxysmal nocturnal hemoglobinuria (PNH). The objective is to improve the overall 

understanding of these pathologies.  
To do this, a biobank was set up (Prof. Jean Soulier, Hematology Laboratory, Saint-Louis) to 
preserve biological samples (blood and marrow) taken at each stage of the management of these 
patients, as well as fibroblasts for inherited forms.  
 

 Emergency forms  
 
These are available via the following links on the Orphanet website "Orphanet Urgence". 
 
- Good practice in emergencies/PNH 
 
- Good practice in emergencies/Fanconi Anemia 
 

- Good practice in emergencies/Blackfan-Diamond Anemia 
 

 Emergency cards  
 
Emergency cards (Aplastic anemia  and PNH) developed by the reference center, under the aegis 
of the MaRIH (rare immuno-hematological diseases) health network in accordance with the 
National Plan for Rare Diseases, have been disseminated within its national network and must be 
given to all patients with Aplastic anemia .  
 
 

 Useful information 
The PNDS can be found on the website of the French Health Authority by conducting an advanced 
search for "PNDS Aplastic anemia s" and is also available on the websites of the reference center 
and the MaRIH health network. 
 
 Reference Center for Acquired and Inherited Aplastic anemia   

 
 Email: cr.aplasiemedullaire.sls@aphp.fr 
 Website: www.aplasiemedullaire.com 
 Tel.: 01 42 49 96 39 / 01 71 20 75 27 
 Organizational chart available on the website  

 
 Orphanet: www.orpha.net 

 
 Orphanet codes  

http://www.aplasiemedullaire.com/
mailto:valerie.quinet@aphp.fr
https://www.orpha.net/data/patho/Emg/Int/fr/HemoglobinurieParoxystiqueNocturne_FR_fr_EMG_ORPHA447.pdf
https://www.orpha.net/data/patho/Emg/Int/fr/AnemiedeFanconi_FR_fr_EMG_ORPHA84.pdf
https://www.orpha.net/data/patho/Emg/Int/fr/AnemiedeFanconi_FR_fr_EMG_ORPHA84.pdf
https://www.orpha.net/data/patho/FR/Urgences_Blackfan-DiamondfrPro124.pdf
https://www.orpha.net/data/patho/FR/Urgences_Blackfan-DiamondfrPro124.pdf
mailto:cr.aplasiemedullaire.sls@aphp.fr
http://www.aplasiemedullaire.com/
http://www.orpha.net/
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 Acquired Aplastic anemia   ORPHA 164823  

 ORPHA 88 

 ORPHA 182040 

 Paroxysmal nocturnal hemoglobinuria  ORPHA 447 

 Inherited Aplastic anemia   ORPHA: 68383   
 Fanconi's disease  ORPHA 84 

 Diamond Blackfan anemia  ORPHA 124 

 Telomeropathies  ORPHA 1775 

 GATA2 syndrome  ORPHA 228423 

 ORPHA 3226 

 ORPHA 319465 

 Shwachman-Diamond syndrome   ORPHA 811  

 Congenital amegakaryocytosis   ORPHA 3319 

 SAMD9/SAMD9L  Code waiting to be created 

 Code 494 433 (MIRAGE) 

 TPO    Code waiting to be created 

 Myeloproliferative leukemia virus oncogene (MPL)  Code waiting to be created 

 ERCC6L2  ORPHA 401764 

 MDS1 and EVI1 complex locus (MECOM)  ORPHA 71289 

 
 

 Patient associations 
 

 French Association of Fanconi's Disease (AFMF): fanconi.com 

 Francophone Association of Diamond Blackfan Disease: afmbd.org 

 French PNH Association - Aplastic anemia : hpnfrance.com 

 TELOMERO ASSO Association for Telomeropathies: telomero-asso.fr 

 
 French Healthcare Network for Rare Immune Hematological Diseases (MaRIH): 

 
Email: contact@marih.fr 
Website: www.marih.fr 
Facebook: @Filiere.MaRIH 
Twitter: @Filiere_MaRIH 
Instagram: filière_sante_marih  
 
 

http://www.fanconi.com/
http://afmbd.org/
http://www.hpnfrance.com/
https://www.telomero-asso.fr/page/1657026-accueil
mailto:contact@marih.fr
http://www.marih.fr/
https://www.facebook.com/Filiere.MaRIH/?hc_ref=ARTaj8AL-AZ075EiiI9hKJ1MdVeb_1s_GXQ9QL5US5dIDRn_T75QTR1ZgtY26rLj9LI
https://twitter.com/Filiere_MaRIH
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Objective of the PNDS  
 
The aim of this National Diagnosis and Care Protocol (PNDS) is to explain to the professionals in 
charge of patients with AA the current optimal diagnostic and therapeutic management and care 
pathway of a patient with acquired (AMA) or inherited bone marrow failure (IBMF). AA can be 
managed as a long-term condition (LTC). The aim of this PNDS is to optimize and harmonize the 
management and monitoring of AA throughout the country. It can also be used to identify 
proprietary drugs used for indications not covered by their Marketing Authorization (MA), as well 
as the proprietary drugs, products or services necessary for patient care but not usually covered or 
reimbursed. 
This PNDS is a practical reference tool for treating physicians (the physician designated by the 
patient to the French National Health Insurance Office) in consultation with the medical specialist, 
particularly when establishing the care protocol jointly with the consulting physician and the patient 
in the case of a request for exemption from co-payment for an off-list condition. 
The protocol describes the reference management of a patient with acquired and inherited Aplastic 
anemia and this update takes into account recent data from the medical literature. However, the 
PNDS cannot consider all specific cases (comorbidities or complications, details of treatment, 
hospital care protocols, etc.). It cannot claim to be exhaustive in terms of possible management 
approaches, nor can it replace the individual responsibility of the physician toward their patient.  
This PNDS was developed in accordance with the "Method of developing a national protocol for 
diagnosis and care of rare diseases" published by the French Health Authority in 2012. 

Methodology  
 
The main sources used by the multidisciplinary working group (Annex 1) for the preparation of this 
guide were: 
 

- the text of the 1st PNDS drawn up in 2009 and the 2nd in 2019, which served as the basis 
for this update  

- the main international recommendations for the management of acquired and inherited 
Aplastic anemia  

- the meta-analyses, clinical trials and cohort studies (non-exhaustive review) published in 
the literature (PubMed) between 2019 and 2023 concerning the methods of diagnosis, the 
characteristics and treatment of acquired and inherited Aplastic anemia  and paroxysmal 
nocturnal hemoglobinuria (PNH) in adults and children 

- documents from the websites of Orphanet, the French Society of Hematology, the Society 
of Pediatric Immuno-Hematology (SHIP) and the Pediatric Group of the Francophone 
Society of Bone Marrow Transplantation and Cellular Therapy (SFGM-TC) 

- the recommendations of this new updated version of the PNDS, which were developed and 
validated by the multidisciplinary working group including adult hematologists and 
pediatricians and medical biologists, with a critical review by a group of specialists in the 
management of Aplastic anemia, representatives of patient associations, and diagnostic 
laboratories associated with the reference center and a treating physician 

- for therapeutic aspects, various grades of recommendations were issued, depending on 
the data from the literature based on the levels of evidence set out in the table below 
(reference from the French Health Authority - HAS 2013). 
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Recommendations grade Level of scientific evidence provided by the literature 

A 
 
Established scientific evidence 

Level 1 
- High-potency randomized controlled trials  
- Meta-analysis of randomized controlled trials 
- Decision analysis based on well-conducted studies 

B 
 
Scientific presumption  

Level 2  
- Low-potency randomized controlled trials  
- Well-conducted non-randomized controlled trials 
- Cohort studies  

C 
 
Low level of scientific evidence  

Level 3 
- Case studies 

Level 4 
- Comparative studies with significant biases 
- Retrospective studies 
- Series of cases 
- Descriptive epidemiological studies (transversal, longitudinal) 
 

 

This PNDS does not apply to pancytopenia occurring immediately following anti-mitotic 
chemotherapy, as well as isolated cytopenia (anemia, thrombocytopenia and neutropenia), either 
acquired or congenital, and refractory cytopenia (myelodysplastic syndromes), which are outside 
the field of expertise recognized for the "acquired and inherited Aplastic anemia " rare disease 
reference center. 

General information on Aplastic anemia  

 

 Definition 

Aplastic anemia is a quantitative bone marrow failure secondary to hematopoietic stem cells 
exhaustion, which causes cytopenia. 
 

 Distinction between acquired and inherited Aplastic anemia  

Acquired Aplastic anemia is most often acute and of immunological origin, and more rarely of toxic 
or medicinal origin (below is a table of products that may potentially cause Aplastic anemia). 
Acquired Aplastic anemia accounts for 80% of cases of Aplastic anemia. These so-called 
immunological forms include idiopathic Aplastic anemia, post-hepatitis aplastic anemia(hepatitis-
aplastic anemiasyndrome) and PNH associated aplastic anemia (Young et al. 2018).  
 
Inherited Aplastic anemia are secondary to a genetic defect, which usually causes an intrinsic 
defect of the hematopoietic stem cell. These forms are more rare in adults and proportionally much 
more common in children and adolescents; this relative frequency is not currently established and 
probably underestimated.  
 

 Epidemiology 

AA is more common in Asia than in Europe and America. Its incidence is currently in the order of 2 
cases per million inhabitants per year in Europe. It reaches 6 cases per million inhabitants in 
Thailand and 7.4 in China. 
The incidence of AA describes a bimodal curve with a first peak in young subjects and a second 
peak past 50 years (Young et al., 2018). 
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 Professionals involved 

The initial, therapeutic and follow-up management of patients with AA systematically involves the 
treating physician, the adult or pediatric hematologist, and a pediatrician for children.  
Depending on the aetiology and the clinical picture, the opinion of other specialists may be 
necessary: in particular geneticists, radiologists, otorhinolaryngologists (ORL), maxillofacial 
surgeons, gynecologists, occupational and school physicians, microbiologists, and hemobiologists 
(responsible for the delivery of labile blood products - LBP).  
The involvement of other professionals (psychologists, nurses, psychomotor therapists and 
physiotherapists, care assistants, home helps, social workers, etc.) may also be necessary.  

Diagnosis and initial assessment 
 

The objectives of initial diagnostic management are: 

 

1- To confirm the diagnosis of Aplastic anemia  and eliminate differential diagnoses 

2- To differentiate between the acquired and inherited forms 

3- To assess the degree of severity of the bone marrow failure 

 
Aplastic anemia can be discovered by chance on a blood count prescribed in another medical 
context or discovered due to symptoms related to cytopenia (anemic or infectious syndromes 
related to neutropenia, or hemorrhagic syndrome related to thrombocytopenia). 
A predominant cytopenia on a single line is possible at the onset of the disease, most often 
thrombocytopenia. The latter is usually accompanied by other blood count abnormalities (anemia, 
often macrocytic, or isolated macrocytosis or moderate neutropenia), in which case the tests below 
should be carried out. 

 
Interviews and physical examinations should look for: 
 

- Signs of severity related to cytopenias that would require emergency hospitalization 
- Elements suggesting an underlying inherited pathology 
- The absence of tumor syndrome, which would suggest a hematologic malignancy 

 
The process for conducting interviews and clinical examinations is presented in Annex 13.a.  

 
The signs of severity to look for are: 
 

- Extensive or mucosal purpura (intra-oral hemorrhagic bullae), especially if accompanied by 
bleeding at the eyes fundus or from organs 

- An infectious syndrome 
- Signs of poor cardiac or neurological tolerance of anemia 

 
Elements to look for in the interview that would suggest a inherited etiology are: 
 

- A personal or family history of bleeding 
- A family history of cytopenias or myelodysplastic syndromes and leukemias (risk common 

to almost all inherited bone marrow failure) 
- Personal or family history of symptoms or pathologies affecting the skin and skin 

appendages (nails and hair), opportunistic infections, pulmonary and/or hepatic pathologies 
( telomeres related disorders), neurological pathologies, elements specific to 
GATA2 syndrome (lymphoedema, pulmonary alveolar proteinosis, etc.) 

- A family history of early hair graying (before age 20) or other skin or peripheral disorders ( 
telomeropathies) 
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- A family history of cancer at an early age ( some forms of inherited aplasia including 
Fanconi anemia) 

- Congenital kidney, bone or cardiac malformations, etc. ( Fanconi disease, GATA2 
syndrome, -Diamond Blackfan anemia (DBA) and other IBMFs) 

- Intrauterine growth retardation ( Fanconi disease, Diamond Blackfan anemia, 
Shwachman-Diamond syndrome and other IBMFs)  

- Chronic steatorrhea-like diarrhea or abdominal pain (Shwachman-Diamond syndrome) 
- A previous blood count (>6 months) that was already abnormal (suggesting a IBMF, which 

usually builds up gradually over several years) 
 
Elements to look for in the interview that would suggest an acquired form are: 
 

- A recent or semi-recent episode of jaundice or hepatitis (often cured at the time of aplastic 
anemia occurence) 

- A recent normal full blood count 
- Cytopenias that very rapidly become worse 
- Clinical signs suggesting associated hemolytic PNH (hemoglobinuria, abdominal pain, 

dysphagia, history of thrombosis or erectile dysfunction) 
- Use of medication that may be responsible for AA (Table 1) and/or occupational exposure 

(benzene, ionizing radiation, etc.) 
 

Table 1: Main products likely to be responsible for Aplastic anemia (non-exhaustive list) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Elements to look for in the clinical examination that would suggest a inherited etiology are:  

Medications: 

Antibiotics: sulfonamide, co-trimoxazole, linezolid 

Anti-inflammatories: indometacin, naproxen, diclofenac, piroxicam, sulfasalazine, 
penicillamine 

Antithyroid drugs: carbimazole, thiouracil 

Psychotropic drugs: phenothiazines, dosulepin 

Other: chloroquine, mebendazole, allopurinol, thiazide diuretics 

Medicinal products not marketed in France: chloramphenicol, phenylbutazone, gold salts, 
tolbutamide, chlorpropamide 

Immunotherapies: nivolumab, pembrolizumab, rituximab 

Chemicals 

Benzene and other solvents 

Pesticides 

Oils and other lubricating agents 

Recreational drugs: ecstasy, methylene dioxy-methamphetamine (MDMA) 
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- Abnormalities suggestive of Fanconi disease: intrauterine growth retardation (IUGR) and 

height-weight retardation, facial dysmorphia, malformations (thumb, hand, cleft lip and 
palate, heart, genital tract), skin spots, etc. (Annex 7) 

- Abnormalities suggestive of telomeropathy: abnormalities of pigmentation 
(hypo/hyperpigmentation), nail dystrophy, early hair graying (before 20 years), oral 
leukoplakia, hepato-splenomegaly, dyspnea on exertion and abnormalities on pulmonary 
auscultation (pulmonary fibrosis) 

- Abnormalities suggestive of GATA2 syndrome: lymphedema, pulmonary abnormalities, 
deafness, warts and condylomas, history of thrombosis 

- Abnormalities suggestive of Diamond Blackfan anemia: IUGR and height-weight 
retardation, facial dysmorphia (including cleft lip and palate), other malformations (thumb, 
hand, heart, genital tract) 

- Abnormalities suggestive of Shwachman-Diamond syndrome: IUGR and height-weight 
retardation, bone abnormalities (metaphyseal dysplasias), abdominal pain and fatty 
diarrhea 

- Abnormalities of the radius suggestive of a TAR syndrome (thrombocytopenia + bilateral 
radial agenesis) 

- Abnormalities suggestive of SAMD9/SAMD9L syndrome: neurological and cerebellar 
involvement in particular, elements of MIRAGE syndrome (MDS-infections-growth 
retardation-adrenal hypoplasia- A for adrenal-genital abnormalities-enteropathy, see Annex 
10) 

Other rare inherited pathologies may be associated with Aplastic anemia : the genes involved, 
clinical and morphological abnormalities and the main manifestations of these syndromes are 
summarized in the table in Annex 2. 
 
Complementary examinations 
 
The elements necessary for a diagnosis of Aplastic anemia are: 
 

 A complete blood count including reticulocytes count that shows pancytopenia 
(aregenerative anemia, neutropenia and thrombocytopenia) 

 A smear that does not find signs of dysplasia or abnormal circulating cells; macrocytosis 
is common in inherited forms and possible in acquired forms 

 A bone marrow differential cell count that confirms the central origin of cytopenias and 
eliminates an hematological malignancy (myelodysplasia and acute leukemia in 
particular); most often, the bone marrow smear is poor or inconclusive. Most of the cells 
observed are lymphocytes or plasma cells; sometimes there is a relative excess of 
macrophages or mast cells but these remain of normal morphology. Occasionally, an 
initial bone marrow differential cell count may appear to show normal richness. Perls 
staining may be necessary in case of diagnostic doubt with myelodysplastic syndrome. 
Elements of dysplasia are common in inherited forms, such as dyserythropoiesis in 
Fanconi anemia 

 A bone marrow cytogenetical exam medullary karyotype, to eliminate a primary 
myelodysplastic syndrome or a clonal evolution of AA. Three points worth mentioning: 
1) some cytogenetic abnormalities (del(20q), +8 and del(Y)) remain compatible with the 
diagnosis of AA, 2) karyotype failures are not exceptional in severe forms due to the 
poverty of the marrow, 3) supplementary interphasic fluorescence in situ hybridization 
(FISH) (probes of 7 and 8) is useful, especially in case of failure of the karyotype. The 
presence of monosomy 7 at diagnosis, particularly in small children, could indicate the 
possibility of a SAMD9/SAMD9L syndrome (see Annex 10) 

 A bone marrow biopsy (richness less than 30% for age): this is the only way to assess 
marrow richness and eliminate differential diagnoses (myelofibrosis, medullary invasion 
by malignant pathology, metabolic disease). However, a bone marrow biopsy is not 
automatically carried out in inherited forms, especially in children 

 Acquired somatic mutations search by  next-generation sequencing (NGS) to eliminate 
a myelodysplastic syndrome. However, there are currently no data to recommend an 
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adaptation of management in the presence of an isolated somatic mutation without 
other cytological or cytogenetic elements suggesting a myeloid maligancy. This 
examination must not delay the initiation of treatment in the absence of diagnostic 
doubt.  

 
The main differential diagnoses are: 
 

1) Hypoplastic myelodysplastic syndromes, mainly in adults, distinguishable by the existence 
of signs of dysplasia of granulocytic and megakaryocytic lines and/or a cytogenetic 
abnormality not compatible with the diagnosis of aplasia (an isolated dyserythropoiesis is 
sometimes observed in acquired aplastic anemia, especially in the presence of a PNH 
clone) 

2) Cytopenias of undetermined significance: richness of the marrow normal; note that a bone 
marrow differential cell count of normal richness does not rule out Aplastic anemia . 

 
The etiological examinations to be performed in all patients are: 
 

 A search for a PNH clone (significant if ≥1%) in granulocytes and monocytes using flow 
cytometry; its presence suggests an acquired form 

 The search for elevated fetal hemoglobin (HbF) before transfusion (above 5% suggests 
IBMF) 

 An alfa-fetoprotein assay (the low FP elevations present in Fanconi anemia are not 
detected by all available kits: if possible, this examination should be carried out with the 
KRYPTOR kit, which has a higher sensitivity) 

 An immunoglobulin weight assay and an evaluation of lymphocyte subpopulations (at least 
CD3, CD4, CD8, CD19) 

 Analysis of anti-nuclear factors, anti-native DNA and rheumatoid factor 

 Complete liver function tests 

 A parvoB19 serology (polymerase chain reaction (PCR) of the blood (marrow) in the case 
of immune deficiency 

 Cardiac and abdomino-pelvic ultrasound to look for congenital malformations 

 A chest X-ray (and in case of doubt a CT scan of the chest to look for an exceptional 
thymoma in adults) 

 
 
More specialized tests to look for a inherited cause should be carried out in patients under 18 years 
of age, or in the presence of family history or any clinical elements/elements in the history that 
could suggest this.  
These examinations are: 

• a chromosomal breakage test to look for Fanconi disease (systematic before 18 years) 
• an evaluation of telomere length on blood lymphocytes using the FlowFISH technique 

(detailed in Annex 8) at the reference medical biology laboratory (LBMR) Robert-Debré in Paris 
(systematic before 18 years). Telomeres below the 1st percentile suggest telomeropathy, but this 
is not specific: short telomeres can be seen in other IBMFs and also in acquired forms, especially 
in hepatitis-aplasia syndromes. Conversely, telomeres between the 1st and 10th percentile can be 
observed in patients with telomeropathies, especially in 1st generations and the most elderly 
subjects. 

• a search for mutations based on examination of a panel of genes involved in inherited bone 
marrow failures (Annexes 2 and 3, a non-exhaustive list and likely to evolve), ideally on a non-
hematopoietic tissue (fibroblasts obtained by skin biopsy given the possibility of clonal 
reversion/evolution, which can lead to false negatives on blood samples, Annex 13 b), is 
recommended systematically before the age of 10 and on a case-by-case basis after that. The 
samples will be sent first to the LBMR Aplasias (Hôpital Saint-Louis) except where there is potential 
evidence of telomeropathy, where they will firstly be sent to the LBMR Telomeropathy (Hôpital 
Bichat). If there is possible evidence of Diamond Blackfan anemia, they will firstly be sent to the 
LBMR "Diamond  Blackfan anemia" (Hôpital Kremlin Bicètre). This examination must not delay 
treatment if there is no evidence in favor of a inherited cause. 
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• fat-soluble vitamins, lipase, fecal elastase and, if in doubt, MRI of the pancreas 
(Shwachman-Diamond syndrome) 

• search for elevated erythrocyte adenosine deaminase (eADA) in a patient who has not 
received a transfusion or has not had a transfusion for over 3 months (Diamond Blackfan anemia) 
 
The degree of exhaustivity and the time spent on the search for a inherited cause will vary from 
patient to patient: 
 
1) In certain situations where there is obvious evidence of an acquired form (acute aplastic 
anemia, typical hepatitis-aplastic anemia syndrome or PNH clone greater than 1%), treatment may 
be started in the absence of these examinations, including in subjects under 18 years of age  
2) Where a inherited form is strongly suspected, this assessment may be more exhaustive, but 
in a child or young adult the specific treatment (immunosuppression or transplantation) should not 
be delayed by more than 6 weeks in relation to the diagnosis, in the absence of any evidence of a 
inherited form. This decision is not always simple and can be discussed at the national MDT 
meetings In this type of situation, a bone marrow transplant with an unrelated donor can be 
discussed at the MDT meetings. 
3) In the absence of genetic diagnosis following conventional genetic analyses (breakage test, 
NGS IBMF, telomeropathies or Diamond Blackfan anemia), if there is strong evidence of an  
inherited form or in children in case of failure of immunosuppressive treatment, it is recommended 
to discuss at the national MDT meetings the possibility of carrying out a genome study in very high 
throughput sequencing within the framework of the French Genomic Medicine Plan (PFMG) on 
fibroblast DNA (Seqoia or Auragen platforms, see specific annex) 
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The other examinations to be carried out systematically prior to treatment are:  

 

 Determination of blood group with extended erythrocyte phenotype and search for irregular 
agglutinins with a view to a possible transfusion 

 HLA typing of the patient and their siblings and ideally of their parents as an emergency if 
aged less than 40 years or if graft planned above 40 years of age 

 HIV, hepatitis B, hepatitis C, EBV and CMV viral serologies (herpes simplex virus (HSV) & 
varicella zoster virus (VZV) in children) 

 Investigation of any abnormalities in renal function tests: blood electrolytes, urea, creatinine 
and calculation of creatinine clearance 

 
Severity degree assessment 

 
Pancytopenia can be life-threatening and is a therapeutic emergency.  
 
The severity of acquired aplasia is assessed according to the Camitta criteria; this is essential to 
assess the need for commencing treatment (Rovo et al., 2013). 
 
Aplastic anemia is said to be severe according to the Camitta Index if the medullary richness is 
<30% of hematopoietic cells in a bone marrow biopsy and if there are at least 2 of the following 
criteria at the periphery:  

- Thrombocytopenia  <20 G/L 
- Neutropenia  <0.5 G/L 
- A reticulocytopenia of <60 G/L (on an automated machine – threshold used in the RACE 

study, which differs from the conventionally used threshold of 20 G/L in manual reading) 
(Peffault de Latour et al., 2022).  
 

The EBMT (European Society for Blood and Marrow Transplantation) distinguishes very severe 
aplastic anemia with criteria identical to those of severe aplasia but with neutropenia <0.2 G/L. 
 
The existence of aggravating factors (underlying situation, age, associated immune deficiency) 
must be taken into account in considerations relating to treatment.  
 
Therapeutic management 
 
The therapeutic management of Aplastic anemia  depends on the severity, its cause and the age 
of the patient. In severe forms, it is a therapeutic emergency. 
 
Symptomatic treatment  
Transfusion support deserves special attention 
- Anemia: transfusion of red blood cells (RBC); the transfusion threshold (7 to 9 g/dL) is to be 
adapted according to age, etiology, cause, clinical tolerance, comorbidities and quality of life. RBCs 
must be phenotyped (Rh and KeL1) to prevent allo-immunization. To prevent transfusional GvHD, 
the RBCs should be irradiated for patients who have received anti-thymocyte globulins  therapy 
and/or hematopoietic stem cell transplant from the start of conditioning. Prevention of iron overload 
by iron chelators should be considered if serum ferritin is >500 µg/l or if the patient has received 
more than 20 red blood cell transfusions (long transfusion program) (see dedicated section below). 
 
- Thrombocytopenia: transfusion of platelet concentrates (PC) in the case of existence of 
hemorrhagic signs and/or platelets <10–20 G/L depending on hemorrhagic risk factors and clinical 
tolerance, which is specific to each patient. The significant risk of allo-immunization justifies limiting 
the number of PC transfusions to a maximum, especially if an allograft is planned. There are no 
longer any recommendations to transfuse apheresis platelet concentrates (APCs) as a priority for 
aplastic or allograft patients. PCs are no longer irradiated in France. If transfusions are ineffective 
and in high-risk subjects (multiparous women), an anti-HLA allo-immunization test should be 
performed. HLA poly-immunization can make transfusion management complex because of 
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difficulties in having HLA-compatible APCs. In the absence of HLA-compatible APCs, it may be 
decided not to carry out prophylactic transfusions. The administration of ATG is associated with an 
increase in platelet transfusion requirements, which may last for a few days after discontinuation of 
this treatment. 
 
- Chelation: iron overload has a negative impact on hematopoiesis and potentially on post-allograft 
morbidity and mortality. Regular screening must be carried out by measuring ferritin levels, coupled 
with the transferrin saturation coefficient (the presence of free iron in the blood, which if >60% is 
associated with higher toxicity on the organs). The iron levels must be measured every 2 to 
3 months depending on the frequency of transfusions; they should be measured just before a 
transfusion and ideally on an empty stomach. Chelation is ideally recommended if the ferritin level 
is >500 µg/L. In the case of significant overload, hepatic and cardiac MRI are indicated to assess 
the degree of tissue overload. 
There is no optimal chelating agent in patients with MA: each of them involves difficulties with 
prescription or exposes patients to toxicity. Potential side effects (especially renal failure and 
agranulocytosis) should be carefully monitored in patients with AA. In the case of renal toxicity in a 
patient taking ciclosporin, the efficacy of immunosuppressive therapy should be the priority. 
 

Medications Problems posed in aplasia 

Deferoxamine - Desféral® 

Subcutaneous administration (in practice 
tolerable with "pin-type" needles) 
Increased risk for some infections: 
mucormycosis, Yersinia enterolytica  

Deferasirox - Exjade® 
Major renal toxicity in combination with 
ciclosporin 
Rare cases of medullary toxicity 

Deferiprone - Ferriprox® 
Risk of agranulocytosis, or even Aplastic 
anemia  in the case of predisposition 

 
There are no validated recommendations for the choice of medication. Deferoxamine (Desféral®) 
administered subcutaneously (8 to 12 hours) can be used as first-line therapy. In a hospitalized 
patient, the venous route is also possible while maintaining the same duration of infusion. In some 
patients with major overload, a combination of chelating agents may be justified, for example in the 
pre-transplant period, to minimize iron overload. 
 
In patients in remission of aplastic anemia or in post-allograft, phlebotomies should be given 
preference over chelating agents because of their good efficacy and the absence of adverse 
reactions. The volume and frequency of these phlebotomies will be adapted to clinical tolerance. 
The total number of phlebotomies will be determined by monitoring the iron balance and iron 
overload, evaluated by hepatic and cardiac MRI. 
 
Prevention and treatment of infectious complications:  
- In the absence of fever and before any etiological treatment, hospitalization is not necessary 

- Any fever (defined as a temperature above 38.5°C once or above 38°C twice at 4-hour intervals) 

in a patient with AA with neutropenia <0.5 G/L requires emergency hospitalization and 

intravenous antibiotic therapy. Monitoring vital signs is essential and any sign of poor 

hemodynamic tolerance requires the advice of an intensive care specialist 

- In patients with acquired Aplastic anemia  and neutropenia <0.5 G/L, anti-fungal prophylaxis with 

posaconazole, voriconazole or itraconazole is recommended. In inherited forms where the risk of 

fungal infection appears to be lower, this prophylaxis should be evaluated on a case-by-case 

basis and according to the severity of neutropenia 

- Prophylaxis of pneumocystosis with co-trimoxazole and prophylaxis of HSV and VZV infections 

with aciclovir or valaciclovir are recommended after the combination of anti-thymocyte globulin  

and ciclosporin until CD4+  cell counts are above 0.4 G/L (in the case of allergy, prophylaxis with 

atovaquone may be proposed). A 1st lymphocyte phenotyping can be performed at 3 months. 
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Treatment with ciclosporin alone does not warrant prophylaxis for pneumocystosis; however, in 

elderly patients, prophylaxis for herpes zoster with valaciclovir may also be offered 

- In patients with inherited AA, the administration of vaccines protecting against bacterial infections 

(pneumococci, meningococci, Haemophilus) and against influenza is recommended, if they have 

not already been vaccinated as part of the vaccination program recommended by the HAS 

- In patients with acquired AA, the recommendations are to follow the general vaccination 

recommendations of the HAS. Live attenuated vaccines should be reviewed by the referring 

hematologist and are contraindicated with ciclosporin and/or after treatment with ATG. 

Hematopoietic growth factors: 

o Granulocyte-colony stimulating factor (G-CSF) is not routinely indicated. It can be 

prescribed as a short-term treatment in case of severe infection or to facilitate a return 

home. 

o Erythropoietin is generally not useful in the absence of chronic renal failure 

o Thrombopoietin receptor agonists (TPO-RAs) will be discussed in the context of etiological 

treatment. 

 

Etiological treatments  
 

a) Acquired Aplastic anemia   

The indication for treatment depends on the severity: severe Aplastic anemia  or a moderate form 

requiring repeated transfusions are indications for specific treatment. 

 

The treatments available alone or in combination are: 

- allogeneic hematopoietic stem cell transplantation 

- anti-lymphocyte/thymocyte globulins (horse (with temporary authorization for use) or 

rabbit ATG)  

- ciclosporin 

- alemtuzumab 

- androgens 

- eltrombopag, a thrombopoietin receptor agonist (TPO-RA) 

Other immunosuppressive therapies (corticosteroids, azathioprine, mycophenolate, sirolimus, 
cyclophosphamide) are not indicated for the treatment of Aplastic anemia . Corticosteroids are not 
effective in aplastic anemia and should not be used in combination except for the prevention of side 
effects of ATG 
 
1st line treatments 
 
Immunosuppressive therapy of moderate Aplastic anemia  in adults and children not eligible for 
allograft:  
The combination of ATG and ciclosporin is the standard immunosuppressive therapy for moderate 
Aplastic anemia  in adults and aplasia in children. Since the study by Scheinberg et al., 2011, horse 
ATG (ATGAM) has been proposed as a 1st line therapy because of its superiority over rabbit ATG 
in terms of hematological response and survival rates (grade A). The mean time to hematological 
response to this therapy can be long, around 3 months according to the median figures (and can 
be up to 6 months even though moderate Aplastic anemia  usually responds more quickly to 
immunosuppressive therapy than severe forms). Survival at 5 years after treatment with ATG is 
about 90% for non-severe forms (Peffault de Latour, 2018). ATGAM does not yet have an MA in 
France and is currently the subject of a temporary authorization for use in a cohort study. A 
retrospective study conducted in France including patients treated in the context of this temporary 
authorization for use in a cohort study found the same results (de Latour, 2018). 
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In children, an early evaluation of ATGAM-ciclosporin therapy can be proposed at 3 months in order 
to decide rapidly on a matched unrelated transplantin case of complete failure (no response), with 
the objective that the graft be carried out between 5 and 6 months after ATG if failure is confirmed. 
ATGAM is given at a dose of 40 mg/kg daily for 4 consecutive days by slow intravenous 
administration followed by ciclosporin administration. Therapy with ciclosporin should be prolonged 
for at least 18 months. Annex 4 details the administration, monitoring and follow-up of ATG-
ciclosporin therapy and of patients with non-allografted Aplastic anemia  more generally (life-long 
follow-up). 
 
Immunosuppressive therapy of severe Aplastic anemia  in adults 
For severe Aplastic anemia  in adults, a recent study by the reference center demonstrated a benefit 
in adding eltrombopag, a thrombopoietin receptor agonist, to the ATG-ciclosporin combination. This 
is the RACE study: a prospective randomized phase III study comparing ATGAM (horse ATG) + 
ciclosporin versus ATGAM + ciclosporin + eltrombopag in the first-line treatment of severe Aplastic 
anemia  (Peffault de Latour New England Journal of Medicine (NEJM) 2022) (grade A). 
Eltrombopag treatment was started from D15 at a dose of 150 mg daily for up to 3 months in the 
case of complete response or 6 months in the case of partial response at 3 months. This medicine 
should be taken on an empty stomach (at least 2 hours before and after eating) and should not be 
consumed at the same time as dairy products. Discontinuation of therapy was abrupt from one day 
to the next, leading to reintroduction of eltrombopag in around 20% of patients. It is therefore 
advisable to stop this therapy more gradually after reducing the dose by half for 2 months and if 
the response remains stable. The addition of eltrombopag to ATG-ciclosporin therapy increased 
the overall response by approximately 30% at 6 months with a median response at 3 months 
(versus 9 months with standard therapy). There was no evidence of a difference in toxicity between 
the 2 arms. The combination of eltrombopag-horse ATG and ciclosporin is therefore becoming the 
standard treatment for adult patients with severe or very severe Aplastic anemia  not eligible for 
allograft. However, in children the value of this combination (eltrombopag with ATG and ciclosporin) 
has not been demonstrated (Groarke British Journal of Hematology (BJH) 2021) (grade C). 
Following immunosuppressive therapy, patients with a response are at risk of relapse in 15% to 
30% of cases, ciclosporin dependence (approximately 30% of cases), progression to 
myelodysplastic syndrome or acute leukemia (cumulative incidence of 10% at 20 years, without 
identifiable plateau) and occurrence of hemolytic PNH in 20% of cases (Peffault de Latour et al., 
2018).  
Particular features of the elderly (over 65 years of age) 
It should be noted that in elderly patients, the reference treatment is the combination ATG-
ciclosporin-eltrombopag if there are no cardiovascular or renal comorbidities and the risk of loss of 
autonomy due to prolonged hospitalization is not too high (Contejean et al., 2019) (grade C). In 
subjects over 65 years of age with comorbidities, in particular cardiovascular comorbidities, making 
ATG treatment unreasonable, eltrombopag can best be used in combination with ciclosporin or as 
monotherapy (Lengline et al., 2018) (grade C). Ongoing studies are prospectively evaluating this 
practice (EMAA study “Efficacy and tolerance of eltrombopag in patients with moderate acquired 
Aplastic anemia  treated with ciclosporin” (National Clinical Trial (NCT) 02773225), SOAR 
study “Eltrombopag in combination with ciclosporin as first-line treatment in severe MA” (NCT 
02998645, presented at the American Society of Hematology (ASH) in 2021) and the study 
“Eltrombopag in moderate Aplastic anemia ” of the National Institute of Health (NIH) (Fan Xand al., 
2020) (grade B).  
Data on the use of romiplostim, another TPO-RA, in first-line treatment for Aplastic anemia  are not 
robust at this time (ongoing studies).  
 
Allogeneic hematopoietic stem cell transplantation  
 
Allogeneic hematopoietic stem cell transplantation with a matched related donor is the reference 
first-line treatment in subjects under 40 years of age due to excellent long-term survival (>80%, or 
even 90% in very young people) (Konopacki et al., 2012) (grade C). In this indication, the source 
of stell cells must be bone marrow and the conditioning combines cyclophosphamide 200 mg/kg 

total dose and rabbit ATG (Thymoglobulin, Sanofi-Genzyme, Gentilly, France) 12.5 mg/kg total 
dose; prophylaxis for GvHD combines ciclosporin and methotrexate.  

https://clinicaltrials.gov/show/NCT02773225
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Allogeneic stem cell transplant is the only cure for Aplastic anemia. However, due to the significant 
increase in morbidity and mortality related to treatment after 40 years, including with a matched 
related donor donor, first-line transplant is reserved for subjects under 40 years of age. 
Three particular points deserve attention regarding allograft: 

- Primary and secondary graft failure remain a significant problem after a bone marrow 

transplant (BMT) for acquired AA (10–20%). The incidence of failure decreases significantly if 

1) the graft is rich (CD34+ >3 to 5 x 106/kg of recipient weight) and not handled, 2) if the patient 

is not allo-immunized against major histocompatibility antigens (hence the importance of a 

transfusion policy adapted to these patients), and (3) if the pre-transplant conditioning is 

sufficiently immunosuppressive. The proposed conditioning in a matched related situation 

reduces the probability of rejection/failure to less than 5% (randomized trial comparing 

cyclophosphamide alone to cyclophosphamide + ATG) (Champlin et al., 2007) (grade A). Total 

body irradiation is abandoned in matched related transplants in 1st line treatment because of 

its carcinogenic potential. 

- Graft versus host disease (GvHD) is the main complication of allograft. The incidence of severe 

acute GvHD (grades III-IV) is currently about 15%. It is all the more frequent and severe the 

older the patient. A randomized trial in acquired AA transplant patients comparing ciclosporin 

alone to the combination of ciclosporin + methotrexate showed a significant reduction in GvHD 

with combination therapy (Locatelli et al., 2000). The use of bone marrow as a source of cells 

is essential to reduce the risk of GvHD, as is the duration of ciclosporin prophylaxis 

(Schrezenmeier et al., 2007, Bacigalupo et al., 2012) (grade A). 

- In subjects under 18 years of age, there are currently discussions about offering a matched 

unrelated transplant as first-line treatment if a 10/10 HLA-identical unrelated donor is quickly 

available and the allograft is feasible in less than 2 months from registration, due to the very 

good results in this population (Dufour et al., 2015). However, there is no sufficiently 

substantiated study to recommend this approach systematically. A Hospital Clinical Research 

Program (upfront matched unrelated donor (MUD), NCT 05419843) will make it possible to 

carry out a prospective study to evaluate this strategy. These situations must be discussed at 

the national MDT meetings on a case-by-case basis because the procedures for grafting, 

particularly conditioning, are very specific. A doubt about a inherited origin can also be an 

argument to carry out an allograft from the outset.  

The follow-up of a patient who has received an allograft for Aplastic anemia  is detailed in Annex 5. 
In certain infectious situations where survival depends on the time taken for hematological 
reconstitution, a non matched related transplant is sometimes proposed: this strategy cannot be 
the subject of a recommendation and must systematically be discussed among colleagues at the 
national MDT meetings. 
 
2nd line treatments 
 
A second treatment with ATG and ciclosporin may be offered in patients over 30 years of age who 
do not have 10/10 donors, particularly in patients who have relapsed or have partial response. A 
combination with eltrombopag is logical in this situation (grade C). 
 
Eltrombopag 
Eltrombopag may be offered from 3 months of age in patients who are ineligible for allograft and 
who have failed immunosuppressive therapy, if they have not received it before (Olnes et al., 2012, 
Desmond et al., 2014, Lengliné et al., 2018) (grade B), see AA therapeutic algorithm below.  
In adults, therapy is started at a dose of 75 mg per day and increased to 150 mg on D10–15 if 
hepatic and digestive tolerance is satisfactory. This medicine should be taken on an empty stomach 
(at least 2 hours before and after eating) and should not be consumed at the same time as dairy 
products. Therapy should be continued for at least 4 to 6 months to assess its effectiveness. An 
increase in the dose to 225 mg/day is possible after 3 to 6 months of treatment in the case of good 
tolerance (20% additional response in 3 to 6 months). Once the best response is achieved, a 
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gradual decrease is necessary (50% of the dose every 8 weeks under blood count monitoring) due 
to the high risk of relapse. A medullary assessment with cytogenetic examination is imperative 
before therapy and at 6 months. 
In children, there is no 1st line indication; use in the case of failure can be discussed at the MDT 
meetings. 
 
Allogeneic hematopoietic stem cell transplantation  
 
In patients in whom immunosuppressive therapy has failed or who have experienced early relapse, 
an allograft may be discussed as 2nd line treatment for subjects under 30 years of age (and up to 
40 years of age depending on the general condition of the patient) who have a matched unrelated  
donor (10/10) and patients over 40 years of age who have a matched related donor.  
In patients over 50 years of age, allografts will only be offered on a case-by-case basis if alternative 
therapies fail, due to the high risk of therapy-related mortality in this age group. 
The 2 types of conditioning (detailed in Annex 5) proposed for these matched unrelated allografts 
are:  
- For patients under 50 years of age: fludarabine, cyclophosphamide, ATG and total body irradiation 
(TBI) 2 Gy replaced by double-dose ATG (15 mg/kg) within 14 years 
- In patients over 50 years of age: fludarabine, cyclophosphamide, alemtuzumab (Campath®, 
Sanofi-Genzyme, Gentilly, France, temporary authorization for use) combined with ciclosporin 
prophylaxis for GvHD  
For refractory patients under 30 years of age, an alternative allograft (9/10 donor, haploidentical 
donor or cord blood transplant  should be discussed at the national MDT meetings. A national 
phase 2 protocol is evaluating haploidentical transplant outcomes for this strategy (HaploEmpty, 
NCT 05126849). 
 
Other therapies: 
 
Ciclosporin monotherapy should not be used as 1st-line therapy, except in situations where the 
ATG-ciclosporin combination or allograft is impossible due to comorbidities. This medicine 
specifically blocks the activation and proliferation of the T lymphocyte. The overall response rate 
for ciclosporin given alone (without ATG or androgens) is about 30–40%. As with ATG, the 
response to therapy is all the more significant if the disease is less severe (60% in non-severe 
forms, 34% in severe forms, and only 25% for very severe forms of the disease). Once the response 
is obtained, therapy should be continued for one year at optimal dose and then gradually decreased 
in increments of 10% with blood count monitoring; the experience of the Aplastic anemia  RC favors 
3-month steps, although some teams propose a faster decrease. It is recommended in the initial 
phase to obtain plasma trough levels of at least 200 ng/ml and in case of renal intolerance to obtain 
the maximum tolerated renal dose (urea is a more reliable marker than creatinine). 
 
Androgens: since published data are extremely limited, this treatment should be reserved for 
refractory or relapsed forms that are not eligible for another treatment. In relapsed or refractory 
patients not eligible for HSC allograft, androgens obtain a response in about 30% of patients. The 
only androgen currently available in France is danazol. In adults, it is usually prescribed at a dose 
of 200 mg x 2 daily and can be increased in 4-week increments up to 800 mg daily. In children, it 
starts at a dose of 5 mg/kg daily. Once the response has been obtained, the dose should be 
gradually reduced with blood count monitoring to the minimum effective dose or even to 
discontinuation. Prolonged treatment of more than one year should be monitored annually by 
hepatic imaging (ideally CT scan with contrast medium or MRI if no contraindications) because of 
the risk of tumors; this risk persists after discontinuation of therapy, making prolonged monitoring 
necessary. In men, prostatic monitoring should be implemented. 
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MUD upfront trial (acquired)  

BMT 

at 6 months 
 

BMT ELT if not received 

ELT if not received 

BMT MRD  or 10/10 
MUD 

+/- alternative graft if 
<40 years 

10/10 donor No 10/10 

2nd ATG (rabbit) 
or androgens 

Consider CBU or 
HaploEmpty alternative 

graft 

<50 years  
eligible for 
transplant 

not 
eligible for 
transplant 



 

 
25 

 

b) Paroxysmal Nocturnal Hemoglobinuria (PNH)   

PNH is closely associated with acquired Aplastic anemia : 30% of adult patients with acquired AA 
have a PNH clone at diagnosis and 25% of adult patients with PNH will develop Aplastic anemia  
during follow-up. PNH clones at diagnosis are rarer in children. 
The monitoring of patients with acquired AA thus includes regular screening for PNH and its 
complications, and conversely, the follow-up of a patient with PNH respects the same imperatives 
as that of a patient with Aplastic anemia regarding the screening and therapy of bone marrow failure 
but also the risk of clonal evolution toward a myelodysplastic syndrome or acute myeloblastic 
leukemia. 
Annex 6 details the follow-up, therapy and monitoring of PNH patients. 
Treatment of hemolytic forms is based on C5 inhibitors, eculizumab or ravulizumab (Sicre de 
Fontbrune et al., 2018). These patients have a high risk of thrombosis, which requires the same 
rules of caution as those applied to patients with hereditary thrombophilia.  
In the case of associated severe aplasia, the therapeutic algorithm follows the recommendations 
for aplasia therapy (immunosuppressive therapy or HSC allograft). 
 

c) Inherited bone marrow failure (IBMF) 

IBMFs are rare pathologies. However, advances in molecular genetics over the past decade have 
led to a continuous increase in the number of identified syndromes. As a result, the number of child 
and adult patients identified as suffering from these syndromes has increased proportionally.  
The main IBMFs are: 

- Fanconi's disease 

- telomeropathies (formerly called congenital dyskeratosis) 

- SAMD9/SAMD9L syndromes 

- congenital amegakaryocytosis (MPL mutations), which frequently progresses to Aplastic 

anemia , and the rarer inherited TPO mutations 

Other inherited pathologies responsible for central pancytopenia and occasionally presenting as 
Aplastic anemia  are: 

- Shwachman Diamond syndrome 

- GATA2 syndrome 

- Diamond Blackfan anemia (exceptional and rarely severe aplasia based on blood count 

data) 

- finally, many other recently identified rare genetic entities (MECOM, ERCC6L2, LIG4, etc.)  

Common elements of the management of patients with these conditions include: 
1) Lack of indication for immunosuppressive therapy  

2) Discussion of the indication for HSC allograft:  

- some diagnoses have to be made urgently, due to the need to adapt allograft procedures 

for Fanconi disease and telomeropathies  

- the lack of systematic indication in certain situations such as SAMD9/SAMD9L syndromes 

and some telomeropathies also justifies an early genetic diagnosis 

- for other inherited diagnoses, genetic diagnosis is not necessary to choose conditioning 

3) Genetic aspects: genetic counseling and family interviewing (particularly including donor 

selection) 

4) Management of initial and ongoing extra-hematological damage requiring coordinated 

multidisciplinary care 

5) The risk of clonal medullary evolution (myelodysplastic syndrome or acute leukemia) 

justifying medullary monitoring and also of solid tumors in certain pathologies justifying 

screening adapted to the genetic pathology 
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The clinical, biological and management specificities of each type of CMA are detailed in Annexes 7 
to 10. 
 

Fanconi anemia (Annex 7)    

 

The management of Fanconi anemia, once the diagnosis is established is dominated by 

hematological monitoring (appearance of cytopenias and clonal abnormalities) and by screening 

for squamous cell carcinomas (cancer of the head and neck, respiratory and digestive tracts, 

pelvis). The occurrence of transfusion requirements or clonal abnormalities with poor prognosis 

should lead to consideration of bone marrow allograft if a geno-identical or pheno-identical HLA-

compatible donor (10/10) is identified (Annex 5). Alternative allografts should be discussed in the 

national aplasia MDT meetings, given that the results are still preliminary.  

In the absence of a compatible donor, supporting care or androgens can be offered. 

The existence of growth retardation and malformations must be the subject of specific 

multidisciplinary follow-up from childhood, adapted on a case-by-case basis. Regular follow-up is 

necessary to ensure early detection of solid neoplasms (in particular stomatological and ENT) 

whose only curative treatment is surgery. 

 

Telomeropathies (Annex 8)  

 

Telomeropathies are a set of genetically and phenotypically heterogeneous diseases, 

characterized by a inherited deficit in telomere maintenance. Telomeropathies can be diagnosed 

at any age of life, but early symptoms are most often correlated with higher severity. 

Hematological manifestations are variable: isolated or macrocytosis-associated thrombocytopenia, 

medullary hypoplasia, aplastic anemia or myelodysplastic syndrome (MDS), immune deficiency.  

Respiratory disorders are most often of the pulmonary fibrosis type.   

Hepatic damage is variable and often underestimated, due to the fact that the liver function tests 

may not show much disturbance despite the severity of the damage. Portal hypertension is often 

the first manifestation.  

Osteoporosis is common and often associated with fractures; systematic screening is necessary. 

Androgens can be offered as 1st line treatment in the case of severe hematological impairment. 

Allogeneic transplantation may be proposed in the event of failure, if a 10/10 non-carrier donor is 

identified, with suitable conditioning and after eliminating any contraindications linked to other organ 

damage. Regular screening should be carried out for extra-hematological disorders. 

 

Diamond Blackfan  anemia (Annex 9)  

 

Diamond Blackfan anemia is a bone marrow failure (congenital erythroblastopenia) that develops 

as a result of a blockage of maturation of erythroid progenitors (BFU-e/CFU-e) and mainly concerns 

the production of red blood cells. An allelic variation (including a large deletion) in a ribosomal 

protein gene (23 genes involved) is identified in nearly 75% of patients (Da Costa et al., 2020). The 

diagnosis is most often made early in life, usually before 1 year of age: a diagnosis after the age of 

4 is rare but possible, including in adulthood in forms with mild anemia. More than half of patients 

have growth retardation and associated malformations, the most common being malformations of 

the head (cleft lip and palate), thumbs, heart and urogenital tract. 

 

At pediatric age, management is dominated by treatment for anemia (transfusions or corticosteroids 

>1 year) and associated malformations and by growth monitoring. The 3 possible therapeutic 

approaches are: 1) corticosteroid therapy, 2) long-term transfusion support and 3) HSC 

transplantation. Transplantation may be indicated in cortico-resistant patients (or those dependent 

on high doses of corticosteroids, in excess of 0.3 mg/kg daily); the consensus is for transplants with 

an HLA-identical sibling donor, in whom a silent form of the disease must be excluded (absence of 
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macrocytosis, normal eADA and absence of the causal allelic variation), or an unrelated 10/10 

donor. The transplant should ideally be carried out before the age of 5. In adulthood, genetic 

counseling is added in the event of desire for children, along with screening for hematological 

evolutions (loss of response to corticosteroids, occurrence of myelodysplastic syndrome) and 

finally screening for solid tumors (in particular osteosarcoma in adolescents and colon cancer 

(Vlachos A et al., 2018)). 

 

At all ages, prevention of corticosteroid side effects (osteoporosis, in the first instance) and 

treatment of iron overload are of major importance. 

 

Congenital amegakaryocytosis and disorders related to TPO mutations 

Although very rare, these two genetic pathologies are described in detail, as they warrant specific 
therapeutic management due to the high risk of rejection after HSC allograft in the case of the 
former, which requires appropriate conditioning, and the almost constant risk of graft failure in the 
case of the latter. The genetic diagnosis of these entities is therefore imperative. 
Congenital amegakaryocytosis is a very rare autosomal recessive disease, linked to biallelic 
mutations of the MPL gene (thrombopoietin receptor), which is characterized by neonatal 
thrombocytopenia, most often symptomatic. In almost all cases, it develops into Aplastic anemia  
with pancytopenia. In some patients with a less severe form, the diagnosis may be made late in 
childhood due to pancytopenia. The diagnosis of congenital amegakaryocytosis is based on 
molecular analysis of the MPL gene. Therapeutic management is based on bone marrow 
transplantation after myeloablative conditioning. 
Biallelic mutations in the thrombopoietin (TPO) gene have recently been reported in children or 
adolescents with pancytopenia predominantly on the platelet line. Bone marrow allograft in these 
patients has been complicated by failures, probably related to thrombopoietin (TPO) deficiency. 
Eltrombopag appears to be effective for these patients. However, clonal evolutions have been 
observed. The therapeutic management of these rare pathologies should be systematically 
discussed in the aplasia or pediatric graft MDT meetings. 
 
 
 
SAMD9/SAMD9L syndromes (Annex 10)   
 
These recently described syndromes with similar phenotypes are hematologically characterized by 
frequent association with monosomy 7 at diagnosis, and by the possibility of spontaneous 
improvement of aplasia due to genetic compensations. Cytopenias can appear abruptly, 
sometimes as a result of infection or vaccination, and this acute onset can mimic an acquired form. 
Extra-hematological involvement is heterogeneous and not consistent with diagnosis. 

Patient follow-up  
 
The modalities of the follow-up of patients with AA depend on the underlined etiology and 
subsequent treatment 
In non-transplanted patients, screening for clonal evolution is fundamental regardless of the cause. 
This is based on regular bone marrow cytology with cytogenetic and molecular studies. The 
frequency depends on the etiological diagnosis of the aplasia and is detailed in the specific 
annexes. PNH is subject to the same follow-up recommendations due to a similar risk of long-term 
clonal evolution. 
In  patients receiving an allogeneic hematopoietic cell transplantation, follow-up is based  on the 
screening for both post-transplant complications and features associated with AA evolution (Annex 
5). 
Of note is that, in patients with Fanconi anemia, telomeropathies and to less extent, Diamond 
Blackfan anemia, screening for secondary malignancies (both solid cancers and hematological 
neoplasia) is central to patient management (see annexes). 
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Management of specific situations  
 

Only non-exceptional situations for which recommendations can be made will be 

discussed here. 
 

The issue of fertility must be addressed before any treatment (Poirot et al., 2014). 

The French bioethics law of July 2004, and its subsequent reviews, states that “When medical care 
is likely to impair fertility, or when fertility is at risk of being prematurely impaired , any person may 
benefit from the collection and conservation of their gametes or germinal tissue, with their consent 
and, where appropriate, that of one of the holders of parental authority, or of the tutor when the 
minor or adult concerned is the subject of a tutorship measure, with a view to the subsequent 
realization of a medically assisted procreation, .” 
  
Therefore, when an allograft procedure is considered in the treatment of inherited or idiopathic 
aplastic anemia, the patient must be offered a specialized consultation in reproductive medicine, 
even if the conditioning most often used in these situations is non-myeloablative and therefore a 
priori unlikely to induce hypofertility or sterility. The benefit/risk balance in patients with AA that are 
at high risk of bleeding and/or infectious complications should be carefully explained and evaluated, 
as well as the deleterious impact of delayed transplantation. Fertility preservation techniques can 
also be proposed after allografting, which warrants specialized follow-up in the absence of prior 
preservation. 
  
1/  Preservation of fertility in children prior to puberty (Dalle JH et al., 2017). 
Before menarche in girls, and before the age of 12–13 and Tanner stage P3–T3 in boys, gamete 
preservation cannot be considered. Only techniques of cryopreservation of gonadal tissues are 
conceivable. These may not be possible in cases of profound thrombocytopenia or neutropenia, 
due to the risk of bleeding or infections. 

a.  In girls prior to puberty: cryopreservation of the ovarian cortex, the area that contains oocytes, 
is a technique that has been available for around 20 years. Pregnancies have been reported after 
heterotopic or orthotopic re-implantation of frozen tissue after allograft for non-malignant disease, 
at least when the patient was treated during or after puberty. For the youngers, data are not yet 
available. 

b.  In boys prior to puberty: it is possible to offer testicular tissue cryopreservation, but as this only 
contains spermatogonia or spermatozoa from the pre-pubescent period onwards, this is an 
experimental technique with no practical application to date. 
  
2/  Preservation of fertility in the pubescent subject: 

a.  In males: it is essential to offer a consultation with CECOS (Center for the Study and 
Conservation of Eggs and Human Sperm) for the collection and cryopreservation of sperm. 

b.  In females: it may be possible to carry out stimulation for the removal of follicles and secondary 
oocytes for vitrification of gametes or in vitro fertilization followed by embryo preservation 
(technique reserved for stable couples). As with cryopreservation of gonadal tissue, the stimulation 
and trans-vaginal punctures required for these techniques may be contraindicated by 

thrombocytopenia or neutropenia. In a woman with a stable partner, embryo freezing is in theory 

possible but rarely compatible with the urgency of care. 
 
3/ Cases of pregnancy (outside the context of bone marrow transplantation): 
Pregnancy is a high-risk situation because of the risk of relapse or worsening of aplasia, which may 
not be reversible after pregnancy. Although there are no large studies on pregnancy and 
ciclosporin, the existing data on teratogenic risk are reassuring. It is currently the only treatment 
that can be offered to pregnant women. Ciclosporin crosses the placental barrier and fetal blood 
levels are about one-third of maternal blood levels. 
 https://lecrat.fr/spip.php?page=article&id_article=711. 
  
 
 
 

https://lecrat.fr/spip.php?page=article&id_article=711
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Thrombosis and PNH  
 

Arterial and venous thrombosis are the most serious complications of PNH, and were the main 
cause of morbidity and mortality before therapy with eculizumab (anti-complement factor 5) became 
available. This therapy significantly reduced the frequency of thrombosis (a reduction of more than 
80% in the number of thrombotic events was confirmed in real life studies (Kelly et al., 2011; Loschi 
et al., 2016)). Thrombosis remains a complication of PNH that needs to be prevented and detected, 
particularly in the initial phase of the disease or in a pro-inflammatory context, which can lead to an 
increase in complement synthesis and a decrease in anti-C5 activity. 
 
1/ Primary prophylaxis  
 

 Prophylaxis with compression stockings should be offered systematically during air travel, 

in case of immobilization and in pregnant women 

 Prophylaxis with low-molecular-weight heparin (LMWH) should be offered in the event of 

air travel >3 hours, prolonged immobilization, surgery, pregnancy from the end of the 2nd 

trimester and up to 6 weeks postpartum 

 No long-term primary prophylaxis is justified, either with anti-vitamin K (AVK) or LMWH 

 
2/ Curative therapy  
 
The occurrence of thrombosis in a hemolytic PNH patient requires: 
 

 Commencement of immediate effective curative anticoagulation with LMWH and then AVK. 

This anticoagulation is currently continued for life: a history of thrombosis is actually a risk 

factor for the occurrence of further thrombosis. In cases of high bleeding risk (e.g. severe 

thrombocytopenia), the benefit/risk balance should be assessed on a case-by-case basis 

and based on complement inhibition. New oral anticoagulants (NOACs) have not been 

evaluated in this population. 

 Commencement of therapy with a C5 inhibitor (eculizumab or ravulizumab) if the patient is 

not already treated, intensification of therapy with eculizumab if the patient is already 

treated but the complement is poorly blocked or in an acute inflammatory situation (e.g. 

infection, surgery, postpartum). These situations may require an early infusion of 

eculizumab 900 mg or an increase in the dose to 1200 mg. 

 
Cerebral thrombophlebitis and splanchnic thrombosis are particularly common in PNH patients. 
These patients should be referred to specialist centers (hematology and neurology, hematology 
and hepatology). 

Child-adult transition  
 

The child-to-adult transition is a critical period with a high risk of disruption of care and follow-up. It 
is advisable to implement a transition program, which requires close collaboration between the 
childrens’ and adults’ services(with identification of contacts within the adults’ services).  
This requires several steps: 
- A preparatory phase in pediatrics: well before the transition, prepare the adolescents for the 

change of team. Recognize any resistance to change. Be concerned about their empowerment in 

the management of their illness. Offer them a first consultation without their parents. Appoint the 

future referring physician for adults at an early stage and consider a possible gender preference. 

Find out how the future physician works. Prepare a summary of the case for the patient and the 

physician 

- A transfer phase: if possible, arrange a firstt joint consultation with the physician for adults. If 

possible, encourage alternate consultations in the first year. Enlist the help of a transition worker 

with a visit to the adults’ service. Allow for flexibility in transfer (16–20 years) depending on the 

patient's maturity. If possible, this phase should take place during a calm period of the disease 
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- A reception phase in the adults’ service: provide for an extended consultation during which the 

names of the various practicioners to whom the patient will be referred will be communicated. If 

they are not absolutely essential, additional examinations should be avoided during this first 

consultation. Appreciate knowledge of the disease, learn about lifestyle habits. 

Therapeutic Patient education (TPE)  
 

According to the HAS in 2014, TPE  aims to help patients manage their lives with a chronic disease 
as well as possible. It is an ongoing process that should be an integral and permanent part of 
patient care.  
The patient and their close family and friends should have a good understanding of the disease.  
Patients, their families and caregivers should be directed to other source of support and advice, for 
example, peer advocacy support groups (see the list of support groups in the "Useful links" section 
at the beginning of this document). The “patient days” organized by the support groups affiliated 
with the reference center and by the Francophone Society of Bone Marrow Transplantation and 
Cellular Therapy (SFGM-TC) also participate in TPE. 
Booklets (Aplastic anemia  and PNH) updated in October 2022 are available and distributed by the 
reference center, providing the patient and their close family and friends with written explanations 
about aplastic anemia  and its management and about PNH.  
APLASTIC ANEMIA  PATIENT BOOKLET 
PNH PATIENT BOOKLET & FAQS 
In the case of bone marrow transplantation, SFGM-TC has published a national follow-up booklet 
(Bull Cancer 2021;108:S87–S89).  This follow-up booklet is a support for exchanges between the 
patients and their caregivers. It is a tool to help the patients, which belongs to them, which they 
invest in, and which can be personalized. 
Consultations with nurses and with clinical pharmacists, whenever they are possible, are important 
steps in PE. 
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Annex 2: Phenotype, genetics and hematological evolution of inherited 

Aplastic anemia    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Syndrome Causal Genes 

(transmission) 

Clinical phenotype Hematological phenotype, 

frequency of aplasia 

Characteristics of 

MDS/AML 

Acquired 

cytogenetic & 

molecular 

abnormalities 

Fanconi anemia 

(See Annex 7) 

22 genes 

FANCA, FANCB, 

FANCC, FANCD1 

(BRCA2), FANCD2, 

FANCE, FANCF, 

FANCG (XRCC9), 

FANCI, FANCJ (BRIP1), 

FANCL (PHF9), 

FANCM, FANCN 

(PALB2), FANCO 

(RAD51C), FANCP 

(SLX4), FANCQ (XPF), 

FANCR (RAD51), 

FANCS (BRCA1), 

FANCT (UBE2T), 

FANCU (XRCC2), 

FANCV 

(REV7/MAD2L2), 

FANCW (RFWD3).  

AR except FANC-B 

linked to X and FANCR 

(RAD51) AD. 

Not constant (70%) 

IUGR, small size 

Thin and triangular face 

Café-au-lait or achromic spots 

(progressive onset) 

 

Malformations of bone (thumbs, fingers, 

forearms), kidney, heart, etc. 

 

Early-onset solid cancers : Head&neck 

squamous cell carcinoma in young adults; 

embryonic cancers in patients with bi-

allelic BRCA2 (FANCD1). 

 

Aregenerative anemia, 

macrocytosis, 

thrombocytopenia, 

pancytopenia (median age 7 

years; 90% at 40 years). 

Hypoplastic/erythroblastic 

bone marrow.  

Non-specific 

dyserythropoiesis.  

 

Hypoplastic MDS et 

AML. 

Cumulative incidence 

of MDS/AML: 30% at 

40 years, mainly 

occurs from 15 years 

(except group 

D1/BRCA2 before 5 

years) 

Frequent 

unbalanced 

translocations 

with 1q and 3q 

gains, or 7q or 

21q/RUNX1 

losses, 

mutations and 

translocations. 



 

 

Telomeropathies/congenital 

dyskeratosis 

DKC1 (linked to X), 

TERC (AD & AR), 

TERT (AD & AR), 

TINF2 (AD), RTEL1 

(AD & AR), CTC1(AR), 

ACD (AR & AD), PARN 

(AD & AR), NOP10(AR 

& AD), WRAP53(AR), 

ZCCHC8, NHP2(AR& 

AD), STN1(AR), 

RPA1(AR), 

POT1(AR&AD), 

DCLRE1B/Apollo(AR),  

Unknown in 30% of 

cases 

Early childhood: Hoyeraal-Hreidarsson 

(HH) syndrome, Reves' syndrome (IUGR, 

pancytopenia, immune deficiency, ataxia, 

mental retardation, exudative retinopathy, 

etc.) and Coats Plus syndrome 

"Idiopathic" pulmonary fibrosis, 

pleuroparenchymal fibroelastosis, 

emphysema. 

Porto-sinusoidal vascular disease, 

hepatopulmonary syndrome, steatosis,  
hepatocellular carcinoma.  

Severe osteoporosis 

Cellular immune deficiency 

Neurological involvement: developmental 

delay, microcephaly, cerebellar hypoplasia 

and the spectrum is much broader (Bhala 

et al., 2019) 

Progressive skin, hair and nails disorders: 

hyperpigmentation, reticulate appearance, 

nail dystrophy and  premature graying . 

Isolated cytopenias 

(macrocytic anemia, 

thrombocytopenia), 

pancytopenias with poor 

bone marrow, "idiopathic" 

Aplastic anemia . 

Hypoplastic bone marrow. 

Hypoplastic or non-

hypoplastic MDS. 

MDS: 3%, probably 

underestimated but 

observed/expected 

ratio at 2663 (median 

age 35 years).  

AML secondary to 

MDS. 

Various. 

GATA2 or MonoMAC 

syndrome 

GATA2 (AD) Immune deficiency: predisposition to 

infections with HPV and atypical 

mycobacteria and bacterial infections. 

Lymphedema. 

Alveolar proteinosis.  

Deafness. 

Vascular malformation. 

Erythema nodosum. 

Rare typical aplastic 

anemia. 

Cytopenias (particularly 

neutropenia and 

monocytopenia). 

Bone marrow hypoplasia. 

Frequent moderate 

dysplasia. 

 

Marked dysplasia.  

Atypical 

lipomyelomeningocele 

(LMMC) and 

leptomeningeal 

carcinomatosis (LMC) 

are described. 

MDS/AML: 

cumulative incidence 

estimated at 70% at 70 

years (diagnosis 4 to 

60+ years). 

Chromosomal 

abnormalities: 

7, 8, del(20q), 

3q+. 

 Somatic 

mutations of 

ASXL1 and 

SETBP1  

Shwachman-Diamond 

syndrome 

SDBS (AR) 90%,  

SRP54 (AR),  

EFL1 (AR)  

<10% unknown 

Exocrine pancreatic insufficiency 

(improves after 4 years in 50% of patients) 

Hepatomegaly 

 

Bone dysplasia and osteoporosis 

Neutropenia (90%) 

Anemia (80%) 

Pancytopenia 

Hypoplastic bone marrow 

Minimal frequent dysplasia 

of the 3 myeloid lineages. 

MDS defined only if 

>5% blasts (frequent 

granulocytic dysplasia 

without MDS). 

MDS/AML: 

cumulative incidence 

TP53 

mutations;  

Chromosomal 

abnormalities 

(iso(7q) and 

del(20q)). 



 

 

between 18% and 36% 

at 30 years. 

Male gender subject 

predominance. 

Congenital 

amegakaryocytosis 

MPL (AR) Rare described malformations of 

unestablished causality 

Most often severe neonatal 

thrombocytopenia. Absence 

of megakaryocytes 

Frequent evolution in the 

first years of life toward 

pancytopenia. Very high 

TPO level. 

Not described  

TPO (AR) Not described Moderate to severe 

thrombocytopenia is 

diagnosed in childhood or 

adolescence. Associated 

anemia and neutropenia of 

variable severity. The level 

of TPO decreases sharply. 

Reported response to 

eltrombopag. 

2 cases of monosomy 7 

during evolution 

(unpublished). 

Not described 

SAMD9/SAMD9L 

 

(See Annex 10) 

SAMD9 (AD)/SAMD9L 

(AD) gain of function 

mutations 

Inconsistent.  

SAMD9: MIRAGE syndrome (MDS-

infections-growth retardation-adrenal 

hypoplasia-genital abnormalities-

enteropathy). 

SAMD9L: ATXPC (ataxia pancytopenia 

syndrome). Variable neurological 

abnormalities with cerebellar atrophy and 

ataxia, peripheral nervous system 

impairment, nystagmus. Behavioral 

disorders. 

Cytopenias with poor bone 

marrow cellularity 

occurring during the first 2 

decades, often associated 

with monosomy 7, 

sometimes with sudden 

onset. Unknown but 

incomplete penetrance and 

spontaneous long-term 

reversion. Variable profile 

but characterized by 

somatic mosaicism with 

uniparental disomy of 

chromosome 7q or 

inactivating mutations (loss 

of function, LOF) of the 

mutated GL SAMD9 or 

SAMD9L alleles, causing 

spontaneous and lasting 

MDS or AML. 

Current incidence 

unknown. 

Monosomy 7, 

del(7q) or 

acquired 

uniparental 

disomy (UPD) 

of 7q, acquired 

loss of 

function  

Mutations of 

SAMD9 or 

SAMD9L.  

Acquired 

somatic 

mutations of 

SETBP1, 

RUNX1, ETV6, 

ASXL1 and 



 

 

reversion and correction of 

cytopenias. 

classical 

myeloid genes 

in 

(pre)leukemic 

clones. 

 

MECOM-associated 

syndrome or RUSAT2 

(radio ulnar stenosis and 

amegakaryocytic 

thrombocytopenia) 

MECOM/EVI1 (= MDS1 

& EVI1 complex locus), 

isolated mutations or 

3q26 deletion (AD) 

Inconsistent. Radio-ulnar synostosis, 

clinodactyly, brachydactyly, 

craniosynostosis, facial dysmorphism, 

cleft palate, dysarthria, cardiac, vascular 

and renal malformations, Pierre Robin 

syndrome, and congenital deafness. 

Immune deficiency B with 

hypogammaglobulinemia and infections 

associated with specific mutations (8th 

zinc finger) 

Thrombocytopenia, most 

often neonatal, of varying 

severity or severe aplastic 

anemia in the first years of 

life. Rare reported cases of 

moderate thrombocytopenia 

in adults. 

Rare to date. MDS 

described in adults 

with moderate 

thrombocytopenia and 

extra-hematologic 

phenotype. 

Not described 

Diamond Blackfan anemia 

(See Annex 9) 

RP genes (n = 23): 

RPS7, RPS10, RPS15A, 

RPS17, RPS19, RPS20, 

RPS24, RPS26, RPS27, 

RPS28, RPS20 

RPL5, RPL8, RPL11, 

RPL15, RPL18, RPL26, 

RPL27, RPL31, RPL35, 

RPL35A 

Other genes: GATA1, 

TRS2 and HEATR3 

(20% to 45% familial 

forms) 

Other inherited 

erythroblastopenia genes: 

CECR1/ADA2, EPOR 

Small size (Inta-uterine growth retardation 

IUGR) 

Malformations (50% of patients; mainly 

affecting: thumbs, Ear Nose an Throat 

(ENT) region (cleft lip and palate), 

urogenital organs and heart)   

Typically early symptomatic 

macrocytic aregenerative 

anemia (1st year) with 

erythroblastopenia.  

NB:  possible  hydrops 

fetalis  

Hematologic response to 

corticosteroids (60%) or 

possible spontaneous 

therapeutic independence. 

Possible moderate 

neutropenia or 

thrombocytopenia. 

Exceptional typical aplastic 

anemia. 

MDS and AML 

secondary to MDS. 

From 30 years old. 

MDS: O/A ratio = 287 

AML: O/A ratio = 28 

Few  data, 

most often 

complex 

karyotypes; 

TP53 

mutations 



 

 

and TP53 

Autosomal dominant AA 

SRP72 

SRP72 (AD) Deafness, labyrinthitis. Pancytopenia, macrocytosis.  MDS with 

multilineage dysplasia, 

mainly without excess 

of blasts. 

MDS/AML: incidence 

unknown. 3/6 cases. 

Normal 

karyotype. 

DDX41 DDX41 (AD>AR) 

 

Not present Rare but described aplastic 

anemia. 

AML or MDS in the 

second part of life (>40 

years). Incomplete 

penetrance, larger 

effect on 

predisposition to 

myeloid neoplasms in 

males 

than in females. 

 

Normal 

karyotype 

(50%) or non-

specific 

abnormalities 

(7, 8, del20q).  

Somatic 

mutation of the 

2nd allele of 

DDX41 in 

more than50% 

of cases:.  

ERCC6L2 ERCC6L2 (AR) Not constant. Microcephaly, facial 

dysmorphism, developmental delay, 

learning disabilities, ataxia. Retinal 

abnormalities. Possible growth 

retardation. Urinary abnormalities. 

Discovery in childhood and 

adolescence. Moderate to 

severe thrombocytopenia. 

Moderate inconsistent 

neutropenia.  Moderate 

inconsistent anemia. 

Possible macrocytosis. High 

HbF. Hypocellular marrow. 

MDS or AML  TP53 

mutation, 

complex 

karyotypes  



 

 

AD: autosomal dominant; AR:  autosomal recessive.

DNAJC21 

 

 

 

 

 

 

DNAJC21 (AR) Growth retardation, developmental delay, 

recurrent infections, abnormalities of the 

skin, hair (thin and sparse) and teeth 

(conical or microdontia). More rarely: 

hearing loss, retinal abnormalities, 

pancreatic insufficiency, hepatic cirrhosis, 

osteopenia, skeletal abnormalities, 

congenital hip dysplasia, ligament 

hyperlaxity and cryptorchidism.  

Bone marrow hypoplasia of 

varying severity. Various 

cytogenetic abnormalities 

(del(17p), del(20q), der(15), 

trisomies 8, 21, X not 

associated with signs of 

dysplasia.  

Few cases of AML 

describeb. 

Not described 

LIG4 LIG4 Hypomorphic 

mutations (AR) 

Very common but inconsistent: 

microcephaly, IUGR, small stature, 

dysmorphism with bird-like or Seckel 

syndrome-like facies, hypogonadism, 

bone marrow hypoplasia, syndactyly, 

polydactyly, congenital hip dysplasia, 

photosensitivity, psoriasis, eczema, 

hypopigmentation, numerous plantar 

warts. Radiosensitivity. 

Inconsistent: Combined 

immunodeficiency with 

hypogammaglobulinemia and hyperIgM 

(CID see SCID). 

Bone marrow hypoplasia 

with anemia and 

thrombocytopenia. 

Lymphopenia with marked 

B lymphopenia  

Not described  



 

 
40 

Annex 3: List of searched genes 

 
This non-fixed list represents the genes currently sought in patients with suspected inherited 
aplastic anemia.  

 
 ANKRD26, RUNX1, 

 ATG2B,  

 ATM, ATR, ATRX,  

 BRCA1, BRCA2 and other Fanconi genes 

 DDX41,  

 ERCC6L2,  

 GATA2,  

 LIG4, DNAJC21, 

 MECOM,  

 MPL, THPO 

 SAMD9, SAMD9L,  

 SBDS, SRP54  

 SRP72,  

 DKC1, TERC, TERT, TINF2, RTEL1, CTC1, TPP1, PARN, USB1, NOP10, TCAB1, NHP2 

SHQ1, STN1. 
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Annex 4: Treatment with anti-thymocyte globulin - ciclosporin and patient 
follow-up 
 

1- Treatment with ATG, ciclosporin +/- eltrombopag 
 

Immunosuppressive therapy with a combination of: 
 
- Horse ATG, ATGAM, Pfizer: 40 mg/kg daily x 4 days. The product is off-label and has a 
temporary authorization for use.  
The recommended infusion time is 12 hours with premedication with dexchlorpheniramine and 
methylprednisolone (1 mg/kg daily) 
Scope and blood pressure monitoring every 15 minutes during ATG (especially on D1). 
 
In case of intolerance: 

- Discontinue administration 
- Repeat premedication with dexchlorpheniramine and methylprednisolone  
- Resume administration as soon as clinical signs improve 

 
If ATGAM is not available and treatment needs to be started, rabbit ATG may be used.  
 
Corticosteroid therapy is continued orally from the day after the last dose of ATG at the dose of 
1 mg/kg daily for the prevention of serum sickness and will be reduced by 1/3 on the 10th day and 
by 2/3 of the starting dose on the 20th day and discontinued on the 30th day in the absence of serum 
sickness. 
 
Rabbit ATG (Thymoglobulin®, 3.5 mg/kg daily x 5 days) is offered as 2nd line treatment in case of 
failure or where there is no access to ATGAM. Administration is based on the same 
recommendations as for horse ATG 
 
Recommended anti-infective prophylaxis in combination with ATG:  
- triazole prophylaxis is recommended for the duration of corticosteroid therapy and in patients 

with neutrophils below 0.5 G/L due to the risk of invasive fungal infection, 
- prophylaxis for HSV and VZV infections with valaciclovir and pneumocytosis with co-trimoxazole 

(atovaquone in case of allergy) is recommended up to 3 months after ATG. 
Vaccinations are not contraindicated after ATG, except for live attenuated vaccines. However, it is 
recommended to wait 3 months because of the risk of loss of efficacy. There is no evidence to 
support systematic boosters or a new vaccination schedule after ATG-ciclopsorin treatment. 
Live attenuated vaccines are contraindicated after ATG and during treatment with ciclosporin: 
proper T lymphocyte reconstitution should be checked before administering these vaccines. 
 
- Ciclosporin:  
Administered from D5 of treatment with ATGAM (or rabbit ATG). 
Starting dose of 6 mg/kg daily (5 to 10) in two doses per day orally or 3 mg/kg daily intravenously 
(IVES/24 hours or 2 SIV over 2 hours).  
Residual (H+12) recommended ciclosporin target: 200 to 300 ng/ml, which should, however, take 
into account renal, blood pressure and neurological tolerance. Measurements are carried out on 
average once a week until dose is balanced. A measurement of the residual level is requested at 
H12 from the previous dose. Once the response is obtained and the decrease is established, the 
dose adjustment will only be made according to the clinical and renal tolerance and measurements 
are no longer carried out systematically. Please note that slightly elevated urea is often a good 
marker of effective levels. Monitoring of ciclosporin levels is no longer useful once the decrease 
begins. 
 
In combination with posaconazole or voriconazole, the dose should be halved. 
In subjects over 70 years of age or in patients with pre-existing renal insufficiency, it is advisable to 
start at 3 mg/kg daily, adapting to renal and blood pressure tolerance and gradually increasing the 
dose. 
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In case of acute renal failure or other severe complications, temporary discontinuation should be 
considered pending full recovery and treatment should be recommenced gradually. 
 
- Eltrombopag:  
In adult patients, eltrombopag is initiated at a dose of 75 mg per day as a single dose starting on 
D10 of horse ATG-ciclo, informing the patient that the therapy should be taken on an empty 
stomach (2 hours before and after) and in particular without consuming any dairy products. If 
tolerance is good, the dose should be increased to 150 mg per day in 1 dose after 10 to 15 days. 
The dose may be reduced in case of gastrointestinal or hepatic intolerance: it is recommended to 
seek the maximum tolerated dose in steps of 25 mg. 
In case of failure after 3 months at the dose of 150 mg, the dose may be increased to 225 mg if 
tolerance is satisfactory in the absence of indication for another therapy (especially HSC allograft).  
 

 
2- Hematologic follow-up 

 

Therapy with ATG and ciclosporin requires hospitalization for approximately 3 to 6 weeks in a 

protected hematological unit according to the degree of cytopenia and the complications 

developped. Discharge from the service is considered when the infectious risk is under control and 

transfusion support with red blood cells or platelets is being provided once a week or less. Follow-

up in a day hospital is usually carried out weekly for a period of approximately 2 months (3 months 

from the start of therapy), which varies according to the frequency of transfusion support and the 

maintenance of the central catheter. 

 
Once transfusion independence is achieved, follow-up is carried out in consultation at least every 
3 months during therapy and then at least twice a year for life.  
 
Ciclosporin tapering schedule: Ciclosporin is usually continued for a period of one year at full dose 
after the last transfusion and then, in a patient with a good response, gradually decreased by about 
10–20% every 3 months and discontinued at the end of the second year (ciclosporin assays are 
then unnecessary except in case of toxicity). Some responder patients are dependent on 
ciclosporin and need to maintain long-term therapy. 
 
Eltrombopag tapering schedule: in triple therapy, it is recommended to taper eltrombopag if in 
complete remission after 3 months, in steps of 75 mg every 2 months. For patients with a partial 
response, slower dose levels may be achieved (100 mg for 2 months, then 50 mg for 2 months, if 
the response is maintained, before complete discontinuation).  
 
Eltrombopag has an iron chelating effect. Monitoring of ferritin levels during treatment is 
recommended, as iron deficiency anemia has been described. 

 
Biological monitoring initially requires a blood count, blood electrolytes, renal function tests (urea 
and creatinine) and complete liver function tests at day hospitals or during consultations. Longer-
term follow-up requires PNH clone testing once a year for asymptomatic patients, or at the time of 
presenting symptoms (attack of abdominal pain, hemoglobinuria or other warning signs). A bone 
marrow differential cell count with conventional cytogenetics should be performed every 12 to 18 
months, given the risk of clonal evolution over the long-term, with no suggested end date for this 
systematic follow-up (lifelong follow-up). 

 
3- Non-hematologic follow-up 

 
The risk of renal failure is high and requires adjustment of the dose of ciclosporin combined with 
abundant hydration. The occurrence of thrombotic microangiopathy is rare in this context but should 
be discussed in the event of arterial hypertension that is difficult to control, signs of hemolysis and 
schistocytes in the blood smear. Discontinuation of ciclosporin is the only therapy and no effective 
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alternative exists. Another calcineurin inhibitor, tacrolimus (Prograf®), has sometimes been 
reintroduced some time after the acute episode without recurrence of microangiopathy, but its 
effectiveness has not been scientifically validated in this indication. In the long-term, about 5% to 
10% of patients have chronic renal failure. 
 
Another classic complication of ATG-ciclosporin therapy or after BMT is osteonecrosis of the hip. 
This manifests in the form of mechanical, unilateral hip or knee pain (projected pain), which can be 
very debilitating. The diagnosis is confirmed by MRI. Initial management consists of relieving the 
pain, which most of the time recedes in 4 to 6 weeks. The persistence of pain and disability after 
this period may require a total hip replacement in some patients. 

 
It is also important to monitor patients’ skin (squamous cell carcinoma), although this risk has not 
been clearly identified as related to ciclosporin therapy. Finally, it is necessary to keep an eye out 
for signs of cataract (corticosteroids at the time of ATG), such as glare at the end of the day in 
particular.  

 
4- Fertility and pregnancy after ATG-ciclosporin treatment 

 
Outside the context of allogeneic transplantation, pregnancy is a high-risk situation because of the 
risk of relapse or worsening of aplasia, which may not be reversible after pregnancy. Although there 
are no large studies on pregnancy and ciclosporin, the existing data on teratogenic risk are 
reassuring. It is currently the only treatment that can be offered to pregnant women. The main risk 
is that of maternal-fetal infections. Ciclosporin crosses the placental barrier and fetal blood levels 
are about one-third of maternal blood levels 

(https://lecrat.fr/spip.php?page=article&id_article=711). In men, fertility is not generally impaired 

after immunosuppressive therapy. 
There are insufficient teratogenicity data for eltrombopag to suggest initiation or continuation of 
eltrombopag therapy during pregnancy. In case of life-threatening transfusion-resistant 
thrombocytopenia, its use in pregnant women can be discussed on a case-by-case basis among 
colleagues and ideally in the context of the national MDT meetings. 
 

https://lecrat.fr/spip.php?page=article&id_article=711
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Annex 5: Allogeneic hematopoietic stem cell transplantation and patient 
follow-up  
 

1- Choice of graft  

 
The source of hemotopoietic stem cells for this type of transplant is bone marrow, whether for 
acquired or inherited Aplastic anemia . Indeed, there is no need for the graft to react against the 
disease (graft versus leukemia – GvL) and therefore for the graft to react against the host (graft 
versus host disease – GvHD), which can only lead to deleterious effects in this disease. Peripheral 
stem cell transplantation increases this risk due to the greater presence of lymphocytes, which are 
directly responsible for GvHD. As for placental blood, the lymphocyte count is extremely low, which 
certainly protects against GvHD, but leads to a prolonged immune deficiency that can result in 
potentially serious infections, which is why this source of cells is not prioritized in this type of 
transplant. 

 
2- Conditioning and prophylaxis for graft versus host disease  

 
The currently recommended conditioning and prophylaxis for graft versus host disease are detailed 
in the table below.  

 
 

Idiopathic Aplastic anemia   

Geno-identical donor 

CY 50 mg/kg daily x 4d (D-5 to D-2) and rATGa (12.5 mg/kg) 
Immunosuppression after allograft combines CSA (3 mg/kg 
daily IV from D-3) with methotrexate (15 mg/m2 D1, 
10 mg/m2 on D3, D6 +/- D11) 
For patients over 40 years of ageb, the alternatives are: 
- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 300 mg/m2 daily x 
4d (D-6 to D-3) and rATG (5–10 mg/kg) (FCA) or 

- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 300 mg/m2 daily x 

4d (D-6 to D-3) and alemtuzumab 0.2 mg/kg daily x 5d (D-7 to 
D-3) (FCC) 
Immunosuppression after allograft combines CSA (3 mg/kg 
daily from D-1) with a short regimen of methotrexate (10 mg/m2 
D1, 8 mg/m2 D3 and D6), or CSA alone if alemtuzumab is used 

Matched unrelated donor (HLA 10/10) 
as 2nd line treatment or more 

- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 30 mg/kg daily x 
4d (D-6 to D-3) and rATG 3.75 mg/kg daily x 2d (D-4 to D-3) 
and TBI 2 gray (D-1) (FCA TBI) or 
- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 300 mg/m2 daily x 
4d (D-6 to D-3) and alemtuzumab 0.2 mg/kg daily x 5d (D-7 to 
D-3) (FCC) 
Immunosuppression after allograft is similar to that used for 
geno-identical donors. 
For patients under 14 years of age:  
- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 30 mg/kg daily x 
4d (D-6 to D-3) and rATG 3.75 mg/kg daily x 2d (D-2 to D-1) 
or  
- FLU 30 mg/m2 daily x 5d (D-7 to D-3), CY 60 mg/kg daily x 
2d (D-3 to D-2) and alemtuzumab 0.3 mg/kg daily x 3d (D-6 
to D-4) (FCC, pediatric version). Immunosuppression after 
allograft is similar to that used for geno-identical donors 

Matched unrelated donor (HLA 
10/10) in first line treatment 

- Upfront MUD protocol:  
*For patients under 14 years, FLU 30 mg/m2 daily x 4d (D-6 

to D-3), CY 30 mg/kg daily x 4d (D-6 to D-3), and rATG 3.75 
mg/kg daily x 4d (D-6 to D-3).  
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*For patients over 14 years, FLU 30 mg/m2 daily x 4d (D-6 to 
D-3), CY 30 mg/kg daily x 4d (D-6 to D-3), and  rATG 3.75 
mg/kg daily x 2d (D-4 to D-3) and TBI 2 gray (D-1) 
Immunosuppression after allograft combines CSA from D-1 + 
MTX 10 mg/m2 D1, MTX 8 mg/m2 D3 & D6 
- outside protocol: FLU 30 mg/m2 daily x 5d (D-7 to D-3), CY 
60 mg/kg daily x 2d (D-3 to D-2) and alemtuzumab 0.3 mg/kg 
daily x 3d (D-6 to D-4) (FCC, pediatric version) 
Immunosuppression after allograft consists of CSA alone. 

Alternative donor  

Unrelated non-compatible donor 
(HLA 9/10)c 

- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 30 mg/kg daily x 
4d (D-6 to D-3) and rATG 3.75 mg/kg daily x 2d (D-4 to D-3) 
and TBI 2 gray (D-1) (FCA TBI) or 
- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 30 mg/kg daily x 
4d (D-6 to D-3) and alemtuzumab 0.2 mg/kg daily x 5d (D-7 to 
D-3) and TBI 2 gray (D-1) (FCC TBI) 
Immunosuppression after allograft is similar to that used for 
geno-identical donors 

Cord (CBU) 

FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 30 mg/kg daily x 4d 
(D-6 to D-3) and rATG 2.5 mg/kg daily x 2d (D-4 to D-3) and 
TBI 2 gray (D-1) (Peffault et al., 2018) 
Immunosuppression after allograft consists of CSA alone 

Haplo-identical graft 

rATG 0.5 mg/kg daily on D-9, rATG 2 mg/kg daily x 2d (D-8 to 
D-7), FLU 30 mg/m2 daily x 4d (D-6 to D-2), CY 14.5 mg/kg 
daily x 2d (D-6 to D-5) and TBI 2 gray (D-1)  
Immunosuppression after allograft consists of CY 50 mg/kg 
daily x 2d (D3 and D4), tacrolimus (D5) and mycophenolate 
(D5 to D35) (DeZem et al.; 2015) 

Inherited aplastic anemia  

 
 

Fanconi's disease  

Geno-identical donor 

FLU 30 mg/m2 daily x 3d (D-4 to D-2), CY 10 mg/kg daily x 4d 
(D-5 to D-2) 
Immunosuppression after allograft combines CSA (3 mg/kg 
daily IV from D-1) and mycophenolate (D+1 to D+45). 

Matched unrelated donor (HLA 10/10) 
in first line treatment 

FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 10 mg/kg daily x 4d 
(D-6 to D-3) and rATG 2.5 mg/kg daily x 2d (D-4 to D-3) and 
TBI 2 gray (D-1) (adults) 
 Patients <14 years of age 
BU 75% of dose according to SmPC/kg x 4 daily for 2 days (D-
7–D-6), FLU 30 mg/m2 x 3d (D-5 to D-3), CY 10 mg/kg daily x 
4d (D-5 to D-2) and rATG 2.5 mg/kg daily x 4d (D-4 to D-1) 
(children) 
Immunosuppression after allograft combines CSA (3 mg/kg 
daily IV from D-1) and mycophenolate (15 mg/kg x 2 daily (D1 
to D45). 

Haploidentical 

With CD34 selection/T depletion αβ in vitro: BU 0.6 to 
0.8 mg/kg dose x 2 doses daily for 2 days (D-7 to D-6), FLU 
35 mg/m2 daily from D-5 to D-2, CY 10 mg/kg daily from D-5 
to D-2, rATG 2.5 mg/kg daily from D-5 to D-2, GvHD 
prophylaxis with ciclo 
With T depletion in vivo: Campath 0.1 mg/kg D-5, 0.2 mg/kg x 
2d (D-4 and D-3), FLU 30 mg/m2 D-6 to D-2, TBI 2Gy on D-1, 
PTCy 25 mg/kg daily D3 and D4, GvHD prophylaxis with ciclo 
MMF and Campath 0.1 mg/kg D5 
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Cord (CBU) 

CY 10 mg/kg daily x 4d (D-6 to D-3), FLU 30 mg/m2 daily x 4d 
(D-6 to D-3), and rATG 2.5 mg/kg daily x 2d (D-2 to D-3) and 
TBI 2 gray (D-1) 
Immunosuppression after allograft combines CSA 3 mg/kg 
daily (from D-3) and mycophenolate 30 mg/kg daily (D1 to 
D28). 
 
 

Telomeropathies   
Geno-identical donor and matched 
unrelated donor (HLA 10/10)  

Bone marrow failure 
- FLU 30 mg/m2 daily x 5d (D-7 to D-3), CY 60 mg/kg daily x 
2d (D-3 to D-2) and alemtuzumab 0.3 mg/kg daily x 3d (D-6 to 
D-4) (FCC, pediatric version) 
- FLU 30 mg/m2 daily x 4d (D-6 to D-3), CY 30 mg/kg daily x 
4d (D-6 to D-3) and alemtuzumab 0.2 mg/kg daily x 4d (D-6 to 
D-3) (FCC, adult version);  
Immunosuppression after allograft consists of CSA alone  

 

 

 
a-rATG corresponds to rabbit ATG (Thymoglobulin® (Genzyme)) 
b-Alternative conditioning regimens may be used in younger patients with comorbidities 
NB: A single injection of rituximab (150 mg/m2) is given in some centers for preventive reasons if 
donor or recipient are seropositive for EBV in alternative transplants and if alemtuzumab is used 
on D5 or D6. (grade D). 

 
Abbreviations: ATG: Anti-thymocyte globulins; D: Day; CSA: ciclosporin; CY: cyclophosphamide; 
FLU: fludarabine; MTX, Methotrexate; TBI:  total body irradiation; HLA: major histocompatibility 
system 

 
3- Characteristics of post-allograft follow-up in Aplastic anemia  

 
The immediate post-allograft period requires residual ciclosporin levels of approximately 200 to 
250 ng/mL for a period of approximately 9 to 12 months post-transplant. This therapy is then 
decreased gradually in the case of chimerism mainly stable donor until discontinuation over a 
period of about 6 to 12 months.  

 
It is not uncommon to observe mixed chimerism after transplantation (persistence of recipient cells 
>5% on whole blood or lymphocyte fraction), especially when using alemtuzumab-based 
conditioning. The management of mixed chimerism is very specific to Aplastic anemia : If the mixed 
chimerism is stable and the blood count is satisfactory (Hb >10 g/dL, neutrophils >1 G/L and 
platelets >100 G/L), it is possible to gradually decrease the immunosuppression every 3 months 
while monitoring the chimerism and blood count at the same rate. In the case of stability, the 
reduction can be continued at the same rate and with the same monitoring; if the chimerism or 
blood count decrease, the ciclosporin must be increased again to hopefully reverse the 
phenomenon. Tapering will resume once the blood count and chimerism have stabilized. 

 
Graft failure within 30 days of grafting, or graft rejection within 6 months of grafting (exceptional but 
possible in the longer term), are not uncommon in Aplastic anemia , due to the autoimmune nature 
of acquired Aplastic anemia  and also to the multiple transfusions received prior to grafting, 
whatever the type of aplasia. In these cases, a second transplant is possible depending on the 
general condition of the patient and the hematological condition (residual hematopoiesis or severe 
pancytopenia). 
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4- Characteristics of post-allograft follow-up in the context of inherited Aplastic anemia   

 
Patients with inherited Aplastic anemia  are at high risk of cancer, including after bone marrow 
allograft. This risk is extremely significant for patients with Fanconi disease and represents the 
leading long-term cause of death after allograft in these patients. This justifies close 
multidisciplinary monitoring, including stomatologists and gynecologists, at least twice a year for 
life. Squamous cell carcinomas are actually the most common in this context and only complete 
initial surgical management will improve the long-term prognosis. Unfortunately, once there is a 
local invasion or remote spread, therapy is often only palliative.  

 
5- Preservation of fertility 

 
Refer to paragraph "Management of specific situations" on p. 29. 
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Annex 6: Diagnostic, therapeutic and follow-up management of PNH patients  

 
1- Diagnosis, evolution and monitoring  

 

Paroxysmal nocturnal hemoglobinuria (PNH), or Marchiafava-Micheli disease, is an acquired clonal 
hematopoietic stem cell disease characterized by corpuscular hemolytic anemia, Aplastic anemia  
and frequent occurrence of thrombosis. PNH is a rare disease whose prevalence is estimated at 
1/70,000 inhabitants in Europe.  
PNH is due to an acquired somatic mutation in the PIG-A gene. This results in a blocking of the 
synthesis of glycophosphatidylinositol (GPI) anchoring molecules, which are responsible for the 
attachment of numerous proteins to the cell surface. These include CD59 and CD55, which are 
complement inhibitory proteins that normally prevent the final assembly of the membrane attack 
complex (MAC). PNH is the consequence of a deficiency of membrane anchoring of these two 
proteins, manifested clinically by intra-vascular hemolysis.  
The classic clinical triad involves a combination of this hemolysis with medullary hypoplasia of 
varying severity and thromboses (in particular the hepatic, abdominal, cerebral and dermal veins) 
and signs of dystonia. Generally, anemia manifests in the form of pallor, fatigue and shortness of 
breath on exertion. Hemoglobinuria can result in darker urine, which is usually more marked in the 
morning (about 25% of cases), and, in rare cases, renal failure. It is sometimes confused with 
hematuria, which can lead to urological or nephrological investigations. Jaundice may be present 
in connection with free hyperbilirubinemia secondary to hemolysis. Depending on its location, 
thrombosis (which affects 30–40% of patients without therapy) can lead to dyspnea, abdominal 
pain, hepatomegaly, ascites and headaches. PNH is a chronic disease that progresses through 
outbreaks of hemolysis. Crisis periods can be triggered by various factors, particularly infections, 
even common ones, vaccination, surgical intervention, etc. Pregnancy is a high-risk situation for 
thrombotic or hemorrhagic complications, especially the peripartum period (de Guibert et al., 2011). 
PNH is intimately linked to idiopathic Aplastic anemia : at the diagnosis of MA, 20% to 30% of 
patients have a PNH clone; 20% will develop PNH during follow-up, and conversely, 30% of those 
with PNH will develop MA during follow-up (Peffault de Latour et al., 2018). 
Patients with PNH have a risk of clonal medullary progression with a cumulative incidence of acute 
myeloblastic leukemia and myelodysplastic syndromes estimated at 10% at 15 years (but which 
may occur early during follow-up). 
PNH can occur at all ages, but it particularly affects young adults (median age of 30 years at 
diagnosis) and affects slightly more women than men. It is very rare in children under 15 years of 
age, which justifies discussion of these cases at the Aplastic anemia  MDT meetings. 
Prognosis is good in the age of eculizumab therapy and survival is close to patients of the same 
age and gender. 
Diagnosis is performed by the reference technique of flow cytometry on blood. Searching for a PNH 
clone in the marrow or another fluid is not useful (when they mature, cells may be GPI negative). 
A search for the PIG-A mutation is of no interest because it is not unique and is complex and 
expensive, and has no place in the management of patients on a daily basis. 
A PNH clone search must be performed in the case of: 

1) unexplained Coombs-negative hemolytic anemia, especially if it is associated with 

hemoglobinuria, iron deficiency, other cytopenias or thrombosis 

2) splanchnic thrombosis or Budd Chiari syndrome 

3) thrombosis associated with Coombs-negative hemolytic anemia 

4) a diagnosis of Aplastic anemia , then annually if the patient has not received an allograft 

5) a diagnosis of single-line refractory cytopenia 

 
Follow-up of a patient with a PNH clone requires: 

- a blood count every 3 months 

- a bone marrow differential cell count with cytogenetic study every 12 to 18 months 

- an annual evaluation of the PNH clone 
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- regular assessment of clinical signs of complications: asthenia, dyspnea, headache, 

abdominal pain, dysphagia, erectile dysfunction and especially frequency of hemolysis 

episodes 

- education regarding situations where there is a risk of thrombosis (plane travel, 

immobilization, pregnancy, smoking, etc.) and symptoms requiring emergency consultation 

(fever, abdominal or chest pain, headache, hemorrhagic syndrome), adherence to 

treatments and proper follow-up of the vaccination schedule 

 

2- Treatment 
 

Non-specific treatment involves a combination of: 
- prescription of oral folates to limit the risk of deficiency due to intake 

- prescription of non-thrombogenic contraception, if necessary, for women of childbearing 

age 

- a vaccination against influenza to limit the risk of acute hemolysis 
 

C5 inhibitors are the specific reference treatment for PNH: eculizumab (Soliris®) and ravulizumab 
(Ultomiris®) are now available in France without distinction for adults (ravulizumab is not currently 
reimbursed (as of December 2022) in children). 
1) eculizumab (Soliris®) at a dose of 600 mg intravenously once weekly for 4 weeks, followed 
by 900 mg every 2 weeks from week 5 of therapy. This treatment must not be abruptly interrupted 
due to the risk of severe hemolytic disease. Infusions may be delayed by 48 hours from the 
theoretical date, but this period must not be exceeded.  
2) ravulizumab (Ultomiris®) may be used with new patients or those receiving eculizumab. A 
weight-dependent loading dose is administered intravenously at the 1st injection, followed by a 1st 
maintenance dose, also adapted to weight, on D15. Subsequent infusions are given at the 
maintenance dose every 8 weeks with a tolerance of +/- 7 days. Follow-up recommendations and 
prophylaxis are similar to those for eculizumab. 
Indications to start specific treatment (eculizumab or ravulizumab) in a patient with a PNH clone 
greater than 10% in size are: 

- hemolysis responsible for anemia requiring transfusion support 

- arterial or venous thrombosis 

- a significant PNH clone (>50%) associated with clinical signs of dystonia or biological signs 

of active hemolysis 

- pregnancy, due to the risk of severe complications for mother and child 

 
The introduction of a specific therapy automatically requires 100% management. 
 
Patients on complement inhibitors are at risk of meningococcal infections.  
At least 15 to 21 days before initiation of therapy, patients must be given a tetravalent conjugate 
vaccine against meningococcal ACWY135 serotypes and a meningococcal B vaccine. A booster 
of meningococcal B vaccine should be provided 1 month after the first injection. The Reference 
Center (CR) for Rare Diseases recommends that boosters of the 2 vaccines should be provided 
every 3 years thereafter for the entire duration of treatment.  
In cases where anti-C5 therapy must be commenced urgently, particularly in the case of thrombosis 
threatening the vital or functional prognosis, effective treatment of meningococcal infection must 
be started (with beta-lactam antibiotics or quinolones) and continued for up to 14 days after the first 
vaccinations.  
Daily preventive treatment with penicillin is recommended for the duration of therapy (oracillin or 
amoxicillin in case of macrolide allergy), due to the persistence of a risk of meningococcal infection. 
Vaccinations against pneumococcal disease and Haemophilus influenzae are also recommended, 
as well as vaccination against seasonal influenza, the latter being a risk factor for meningococcal 
infection and causing outbreaks of hemolysis. 
An emergency card must be given to the patient and they must be informed of the risks and 
situations requiring emergency consultation (fever, chills, unusual headaches, malaise, etc.). 
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There are no published data relating to the use of ravulizumab in the acute phase of suprahepatic 
vein thrombosis: Budd Chiari syndrome in the acute phase requires close monitoring of the efficacy 
of C5 inhibitors (CH50), probably due to an increase in the volume of distribution (Plessier et al., 
2022). As this monitoring is not possible with ravulizumab, the CR supports the use of eculizumab 
in this situation. It is recommended to seek hepatological advice from the CR for vascular hepatic 
diseases. 
Therapy efficacy cannot be evaluated for 6 months; if hemolytic anemia persists during this period, 
simple monitoring and transfusions at a level appropriate to the patient’s clinical tolerance are 
recommended. 
The persistence of symptomatic hemolytic anemia after 6 months of therapy requires verification 
of  

1) the absence of chronic inflammation responsible for an increase in the synthesis of 

complement proteins and an incomplete blockage of the latter 

2) the absence of additional causes of hemolysis (medicines) 

3) with eculizumab, the CH50 assessment, which should theoretically be less than 10% (this 

lab test does not assess the efficacy of terminal complement blockade with ravulizumab) 

In patients with chronic persistent symptomatic hemolysis and CH50 above 10% without associated 
inflammation, an increase in the eculizumab dose to 1200 mg may be proposed. The latter should 
be reassessed after 6 months. Ravulizumab at the proposed doses is equivalent to the 1200 mg 
dose of eculizumab, therefore dose increases are not proposed. 
In the event of lack of efficacy, these patients should be discussed at the national MDT meetings 
in order to refer them to other therapeutic protocols (proximal inhibitors) or to early access to 
pegcetacoplan (Aspaveli®). 
The development of non-hemolytic anemia, neutropenia and/or thrombocytopenia should undergo 
a medullary assessment to look for Aplastic anemia or clonal evolution. The management of 
Aplastic anemia occurring in a patient with PNH follows that of idiopathic Aplastic anemia  point by 
point and thus depends on its severity, possible transfusion needs, the age of the patient and the 
existence of a geno-identical donor. 
If possible, scheduled surgery should be performed within 48 to 72 hours after eculizumab injection 
and within two weeks following ravulizumab injection. The CBC and LDH should be monitored for 
the following 2 weeks and an additional eculizumab injection should be discussed in the event of 
active hemolysis (LDH >3N or hemolytic anemia requiring transfusion in the presence of signs of 
hemolysis). In the event of emergency surgery, an additional pre- or postoperative eculizumab 
injection should be provided depending on the time since the last eculizumab or ravulizumab 
injection, thrombotic risk and hemolysis markers. Thrombosis prophylaxis with LMWH should be 
initiated. 
Discontinuation of therapy: discontinuation of therapy should only be considered after allogeneic 
hematopoietic stem cell transplantation or in exceptional cases of complete disappearance of the 
clone (to be confirmed on 2 samples taken 6 months apart). In all other cases, discontinuation of 
therapy exposes the patient to the risk of severe acute hemolysis and potentially serious 
complications. 
C3 inhibitor, pegcetacoplan (Aspaveli®): this therapy, which is administered subcutaneously twice 
a week, has been approved for early access for PNH patients with hemoglobin of less than 10.5 g/dl 
in connection with persistent hemolysis who have been taking C5 inhibitors for at least 3 months. 
A phase 3 study randomizing pegcetacoplan and eculizumab in patients with persistent hemolysis 
responsible for anemia demonstrated the superiority of this therapy in these patients (increase of 
almost 4 points in hemoglobin in the pegcetacoplan arm compared to the control group with 
transfusion independence in nearly 85% of patients (versus 15% in the control group) after 16 
weeks of therapy). However, this therapy has been associated, on the one hand, with the 
occurrence of severe hemolytic episodes complicated by organ failure, mainly during infectious 
episodes, as a result of which prescription is subject to validation by the CR, and, on the other 
hand, with the occurrence of interstitial pneumopathies that require special monitoring. Initiation of 
therapy requires prior vaccinations against pneumococcus and Haemophilus influenzae. The first 
two months of therapy should be carried out in a hospital setting: the first month of therapy consists 
of dual C5 and C3 inhibitor therapy followed by the discontinuation of the C5 inhibitor. This 
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discontinuation may be associated with a relapse of hemolysis. Advice for the implementation and 
follow-up of this therapy was published in May 2022 by the CR (prescription treatment guide). 
Medical care must be associated with: 

- psychological care if the patient so wishes, 
- social care, because of the difficulties inherent in the pathology and the impact of the 

therapy on the professional and social life of the patient: a part-time therapist and a referral 

to the MDPH may be justified, 

- information on the existence of patient associations and professional/patient meeting days 

within the framework of the reference center and the MaRIH rare diseases health network. 

 

3- Monitoring of infections  
 

The risk of meningococcal infection is not zero, despite vaccines and antibiotic prophylaxis. Any 
fever should prompt consideration of this infection. 
The etiological assessment includes a complete clinical examination and systematic blood cultures. 
In case of febrile headaches, a lumbar puncture should be performed. If this is not possible (AVK), 
treatment with IV meningeal dose C3G should be initiated. Similarly, in case of signs of severe 
sepsis, a C3G injection should be provided at the slightest doubt, pending the results of blood 
cultures. In case of contact with a person infected with meningococcus, prophylactic treatment with 
rifampicin or ciprofloxacin is mandatory. 
Apart from these mandatory vaccinations against meningococcal serotypes ACWY135 and B 
before therapy and then every 3 years, the recommended vaccinations are:  Haemophilus 
influenzae, pneumococcus and seasonal influenza. They are mandatory for patients receiving 
proximal inhibitors (C3, factor B and factor D inhibitors). 
Live attenuated vaccines (yellow fever, measles, mumps and rubella (MMA), etc.) are not 
contraindicated with eculizumab but are contraindicated with immunosuppressants (ciclosporin). 
Advice from a specialist is recommended. 
Other vaccines are allowed. 
 

4- Pregnancy  
 

Pregnancy is a high-risk situation in patients with PNH and should be discussed in advance with 
patients of childbearing age. The risks are multiple: 

- Worsening of aplasia during pregnancy, which may require transfusions of red blood cells 

and platelets to maintain a hemoglobin threshold greater than 10 g/dl and a platelet 

threshold greater than 25 G/L. 

- Worsening of aplasia may or may not be reversible after delivery and may require aplasia 

therapy after delivery 

- Risk of thrombotic and hemorrhagic complications for the mother, especially during the last 

trimester of pregnancy and 6 weeks postpartum 

- Risk of fetal complications with increased risk of intrauterine growth retardation, preterm 

delivery and fetal loss 
 

The management of pregnancy in a patient with hemolytic PNH requires: 
1- Initiation of eculizumab treatment if the patient is not already being treated, and dose 

escalation to 1200 mg at the end of the second trimester of pregnancy and until delivery 

2- Initiation of antithrombotic prophylaxis with LMWH at the end of the 2nd trimester of 

pregnancy and up to 6 weeks after delivery 

3- Care in a level 3 maternity unit and notification of the obstetric team 
4- Administration of an early infusion of 600 mg eculizumab prior to delivery if the last infusion 

was more than 7 days previously 
 
Breast-feeding is not contraindicated with eculizumab. 

file://///sls-nas01.sls.aphp.fr/commons/Groupe_de_travail/Aplasie_Medullaire/LIVRETS-PLAQUETTES/HPN/ASPAVELL-Pegcetacoplan/Tryptique%20Aspavelli%20CNR_12042022_v3.pdf
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In the absence of data on the use of ravulizumab in pregnant women, the CR recommends the use 
of eculizumab in pregnant women. The switch will be made on the theoretical date of the next 
course of ravulizumab, but no later than the 30th week of amenorrhea. 
From a regulatory perspective, there are no studies to conclude that eculizumab is safe during 
pregnancy, although no additional risk of malformations for the unborn child or complications for 

the future mother has been reported to date. (product-information/soliris-epar-product-

information_fr.pdf). For the reference center, the benefit/risk balance is in favor of eculizumab 

therapy (Kelly et al., 2015). 
In women, estroprogestational contraceptives are contraindicated due to the risk of thrombosis. 
Permitted contraceptives are: 

 intrauterine devices, if there is a low risk of bleeding and no neutropenia 

 female and male condoms 

 the progestin-only pill (except in the event of thrombocytopenia, because of the risk of 

spotting) or the high-dose progestin pill 

 luteinizing hormone-releasing hormone (LHRH) agonists 

 

Emergency contraception based on oral progestins taken within 72 hours is allowed. 
 

  

https://www.ema.europa.eu/documents/product-information/soliris-epar-product-information_fr.pdf
https://www.ema.europa.eu/documents/product-information/soliris-epar-product-information_fr.pdf
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Annex 7: Fanconi's disease  
 

EPIDEMIOLOGY  
Fanconi anemia is the most common form of inherited aplastic anemia. The frequency of 
heterozygous carriers has been estimated at 1/300 in the United States and Europe. Transmission 
is autosomal recessive, except the very rare X-linked (FANCB gene) and autosomal dominant 
inheritances (linked to the FANCR/RAD51 gene). All ethnic groups are affected. 
 
GENETICS  
Twenty-two Fanconi genes have been identified (Bogliolo et al., 2015). In Europe, the most 
frequently mutated genes (90%) are FANCA (2/3 cases), then FANCG, FANCD2 and FANCC. The 
products of these 22 genes interact in a unique biological pathway named FA/BRCA, involved in 
maintaining genome integrity through the control of DNA damage repair blocking replication, in 
particular interstrand crosslinks (ICL). When one of the genes is bi-allelically mutated , the 
FA/BRCA pathway is inactivated. 
Among the groups of genes described above, it is necessary to note a particular group of genes 
called "downstream genes", encoding FANC proteins acting downstream to the mono-
ubiquitination of FANCD2, at the level of the nuclear foci of DNA repair. These genes (including 
BRCA2 and PALB2, initially identified as genes associated with familial predisposition to ovary and  
breast cancer) are bi-allelically mutated in fewer than 5% of Fanconi patients, but they are 
associated with a very high risk of cancer and leukemia, especially for BRCA2 before the age of 5 
years (Radulovic et al., 2023). 
A fraction of the patients, with a frequency which depends on the age, is reported to present a state 
of somatic mosaicism (correction of a mutation on one of the 2 alleles of the FANC gene involved). 
If it occurs in a hematopoietic stem cell, the implementation of clonal hematopoiesis allows an 
improvement or even a normalization of cytopenias. Only fibroblast tests will then be characteristic 
of Fanconi anemia (Waisfisz et al., 1999; Soulier et al., 1995). 
 
CLINICAL MANIFESTATIONS  
Clinical expression of Fanconi anemia only partially reflects genetic heterogeneity (Shimamura et 
al., 2010). The classic picture combines: 

• consistent growth retardation (present at birth and almost constant), 
• characteristic facial dysmorphia (triangular appearance of the face, marked saddle nose, 

microphthalmia with pseudo-hypertelorism and thin features) 
• skin abnormalities (pigmented spots known as "café-au-lait", achromic spots and areas of 

melanoderma that become more pronounced with age, predominantly located on the trunk and 
neck) 

• thumb abnormalities (50% of cases) 
• pancytopenia of secondary onset that worsens with age 
 

The associated malformations are inconsistent and highly variable and are reported below.  
 
 

Location Clinical signs 

Skin - >3 café-au-lait spots  
- hypopigmentation 
- hyperpigmentation, melanoderma 

 

Morphotype and growth - intrauterine growth retardation 
- small size 
- endocrine abnormalities 
- typical Fanconi facies 

 
Ophthalmic - short palpebral fissures  

- ptosis 
- hypertelorism 
- hypotelorism 
- strabismus 
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- cataract 
- microphthalmia 

 

Thumb/radius - hypoplasia of the thenar eminence 
- agenesis or hypoplasia of the radius 
- agenesis or hypoplasia of the thumb 
- floating thumb 
- bifid thumb 

 

Skeleton, other - agenesis or dysplasia of the ulna 
- micrognathia 
- domed forehead 
- spina bifida 
- fusion of cervical vertebrae 
- other vertebral abnormalities 
- agenesis of the clavicle 
- dysplasia/malposition of the scapula 
- osteonecrosis 
- hip dysplasia/dislocation 
- rib abnormalities 
- clubfoot 
- agenesis/hypoplasia of the sacrum 
- asymmetry in leg length 
- kyphosis 
- brachydactyly 
- arachnodactyly 
- humeral abnormalities 
- craniosynostosis 
 

Kidneys and urinary tract - ectopic kidney 
- horseshoe kidney 
- renal malrotation 
- renal agenesis or hypoplasia 
- renal dysplasia 
- hydronephrosis 
- hydroureter 
- urethral stenosis 
- vesicoureteral reflux 
 

Ears and deafness (conduction) 
 

- agenesis or abnormalities of the pinna 
- prominent ears 
- ear malposition (low or posterior) 
- agenesis or atrophy of the ear canal 
- tympanic membrane agenesis 
- fusion of ossicles 
- microtia 
 

Genital organs - micropenis 
- hypospadias  
- testicular atrophy or agenesis 
- testicular ectopy 
- chordee 
- phimosis 
- azoospermia 
- bicornuate uterus 
- aplasia or hypoplasia of the vagina and 

uterus 
- vaginal atresia 
- hypoplastic uterus 
- agenesis or hypoplasia of the ovaries 
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- hypoplastic or fused labia 
 

Cardiopulmonary - patent ductus arteriosus 
- agenesis of the ventricular septum 
- aortic or pulmonary stenosis 
- coarctation of the aorta 
- double aortic arch 
- cardiomyopathy 
- tetralogy of Fallot 
- pulmonary atresia 
 

Gastrointestinal - esophageal atresia 
- duodenal atresia 
- anal atresia 
- tracheoesophageal fistula 
- annular pancreas 
- intestinal malrotation 
- intestinal obstruction 
- biliary atresia 
- intestinal cystic dilatation 
 

Central nervous system - microcephaly 
- hydrocephalus 
- facial paralysis 
- arterial malformation 
- abnormality of the pituitary stalk 
- agenesis of the septum 

pellucidum/corpus callosum 
- hyperreflexia 
- neural tube defect 
- Arnold-Chiari malformation 
- Moyamoya disease 
- single ventricle 
 

 
Hematological abnormalities are virtually constant and the median age of detection of cytopenias 
is 7 years (0–36 years). At 40 years, the cumulative incidence reaches 98% (Butturini et al., 1995; 
Sebert et al., 2023). The rare forms of the FANCM group may be spared bone marrow failure 
(Bogliolo et al., 2018). 
It involves a combination of normocytic or macrocytic aregenerative anemia, neutropenia and 
thrombocytopenia, but may begin with isolated macrocytosis. This then gradually progresses 
toward severe bone marrow failure. The bone marrow differential cell count shows poor, 
erythroblastic or hypoplastic bone marrow. Isolated erythroid dysplasia has no prognostic value.  
Medullary karyotype may reveal clonal abnormalities (Butturini et al., 1995). Their frequency 
increases with age: 15% at 10 years, 37% at 20 years, 67% at 30 years. Cytogenetic abnormalities 
are varied and most often affect chromosomes 1, 3, 7, 11 or 21 (Quentin et al., 2011; Sebert et al., 
2023). The prognostic value of these abnormalities is variable: isolated 1q abnormalities are 
associated to clonal hematopoiesis and have unclear prognosis, whereas 3q abnormalities, 5q 
abnormalities, monosomies 7 or 7q should raise concerns about rapid progression to leukemia 
(Tonnies et al., 2003; Quentin et al., 2011; Peffault de Latour et al., 2016; Sébert et al., Cell Stem 
Cell 2023). Specialized advice from the Fanconi reference laboratory (Hôpital Saint-Louis) is 
generally recommended in case of clonal evolution. The classic karyotype should be coupled with 
FISH and molecular studies (CGH, NGS); translocations or mutations of EVI1 or RUNX1 have been 
reported and have poor prognosis (Quentin et al., 2011). The risk of progression to myelodysplastic 
syndrome or acute myeloblastic leukemia also increases with age: 7% at 10 years, 27% at 20 
years, 43% at 30 years. Their prognosis is poor. This evolution typically occurs during the 2nd 
decade in non-allografted patients; more rarely, the diagnosis will be later.  
 
PREDISPOSITION TO SOLID CANCERS  
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Fanconi anemia is a syndrome that has been demonstrated to predispose to solid cancers 
(Rosenberg et al., 2005; Alter et al., 2010). The most common cancers are cancers of the head 
and neck, esophagus, and vulva. These are squamous cell carcinomas, often preceded by 
leukoplakia that must be monitored and treated before an aggressive course. The cumulative 
incidence at 40 years is 46%. 
Allograft, particularly when followed by chronic graft-versus-host reaction, increases the risk of 
cancer occurrence and of early onset. 
More rarely, although these cases are being identified with increasing frequency with age, 
diagnosis is made when solid cancer is found in an adult patient with normal or subnormal blood 
cell counts, and in whom a diagnosis of Fanconi anemia had never been made before. Very poor 
tolerance of oncological treatments is therefore often what leads to a diagnosis of Fanconi disease. 
 
DIAGNOSIS  
Chromosomal breaks 
The reference test is the study of the number of chromosomal breaks per cell after exposure to 
DNA bridging agents. Cells show an increase in the number of breaks, reflecting hypersensitivity 
to alkylating agents such as di-epoxybutane (DEB) or mitomycin C (MMC) (Oostra AB et al., 2012). 
The test must be performed in a reference laboratory (the Cytogenetics Laboratories of the national 
network, including Hôpital Saint-Louis in Paris, Institut Gustave-Roussy in Villejuif, Hôpital Saint-
Vincent in Lille, Hôpital La Timone in Marseille, Hôpital Pellegrin in Bordeaux, Hôpitaux Civils de 
Lyon). 
The karyotype carried out on blood lymphocytes may be normal or may spontaneously show a 
level of chromosomal breaks, which is considerably higher after exposure to DNA-bridging agents 
(alkylating and related agents). It is normal in heterozygous subjects (who, moreover, have no sign 
or predisposition to hemopathies or solid cancers except for the rare downstream groups such as 
D1/BRCA2). 
Other tests that can be performed on blood or fibroblasts are:  

• the study of the cell cycle by flow cytometry (significant increase in the rate of cells blocked in 
the G2/M phase after addition of an alkylating agent). Currently, this test is not much practiced. 

• the study of the mono-ubiquitination of FANCD2 by Western blot, carried out only at Hôpital 
Saint-Louis: this test makes it possible to identify more than 90% of affected patients, and more 
importantly, to classify them between FA core and downstream patients (Soulier et al., 2005). It 
helps also in the interpretation of FANC gene variants (Variants of unknown significance – VUS). 
The combination of the different tests helps to confirm or exclude the diagnosis, including for forms 
with suspected somatic mosaicism in blood when they are performed on skin fibroblasts (Soulier 
et al., 2005; Pinto et al., 2009). In fact, a spontaneous reversion of the mutation by homologous 
recombination, mitotic crossing over or additional mutation can correct a constitutional mutation. 
The corrected progenitors acquire a selective advantage and can repopulate the bone marrow. 
This is called somatic mosaicism, and blood tests can be ambiguous or negative. A diagnosis can 
be made in these situations on non-hematopoietic cells in culture and  skin fibroblasts. 
For the propositus, genetic tests are not practiced from the outset (too many genes and variants of 
unknown significance, problem of reversions), but once the diagnosis is confirmed on phenotypic 
tests (breaks and FANCD2 test). 
The molecular genetic diagnosis of Fanconi disease is now carried out in a standard way in France, 
at the Genetics Laboratory of the Institut Curie. This test can be performed on blood or, ideally, on 
fibroblast DNA, to avoid the clonal drift that is common in blood or bone marrow, even if it appears 
normal: its main clinical interest is to enable genetic testing as part of a family investigation, notably 
to intra-familial allogeneic transplantation, or genetic counseling for possible MAP with pre-
implantation or prenatal diagnosis. Knowing a patient's gene only has an impact on management 
for those rare patients (<5%) with mutations in downstream genes, who are at very high risk of 
cancer, and whose parents are also at risk, which should lead to an oncogenetic consultation. 
Genotype/phenotype correlations are currently being evaluated as part of the research.  
 
FOLLOW-UP AND THERAPEUTIC MANAGEMENT  
Treatment is multidisciplinary. The American association for patients with Fanconi anemia(FARF) 

has made proposals for monitoring various types of organ damage. This document has been 
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translated and adapted under the aegis of the AFMF with the participation of the Aplastic anemia 

RC and can be consulted for information purposes on the AFMF website Fanconi Guide.  

 

a) Monitoring and management of hematological aspects  

A full blood count with reticulocyte count should be performed every 3 months, and a bone marrow 
differential cell count with karyotype (and additional analyses) every year to detect any clonal 
changes. 
 
Transfusions should be used sparingly, to reduce the risk of allo-immunization. The emergence 
of transfusion requirements is an indication for hematopoietic stem cell transplantation if a geno- 
or pheno-identical, HLA-compatible donor is available. In the absence of an HLA-compatible 10/10 
donor, it is recommended to discuss the case at the national Aplastic anemia MDT meetings. The 
appearance of cytogenetic or molecular abnormalities with poor prognosis must lead to the 
discussion of an HSC allograft. 
 
Allogeneic hematopoietic stem cell transplantation  
HSC allograft is the only cure for hematological disorders, but it does not correct other abnormalities 
or malformations. 

 Indications   

An allograft with a 10/10 geno-identical or pheno-identical donor is indicated in case of severe 

cytopenias suggesting the need for systematic transfusion support or in the event of clonal 

evolution (appearance of a cytogenetic clone with an abnormality that has a poor prognosis or 

aspect of MDS/AML). 

A clonal evolution (appearance of a cytogenetic clone with an abnormality that has a poor prognosis 

or aspect of MDS/AML) in a patient with no contraindication to a graft should lead to discussion of 

a haploidentical allograft in the absence of an HLA-compatible donor. Profound cytopenias 

requiring regular transfusions in young patients may also prompt discussion of this alternative. 

 

 Conditioning   

Graft conditioning must take into account the high sensitivity to breaking and oxidative agents that 

contraindicate certain chemotherapies. Most teams agree that no radiotherapy should be carried 

out in conditioning. Low doses (2 to 4 Gy) are of interest only in the context of unrelated allograft 

conditioning in adults.  

The different types of conditioning are described in Annex 5.  

In a geno-identical situation, overall survival reaches 80% at 2 years in the most recent series 
(Peffault de Latour et al., 2013). 
Where there is an alternative donor, recent results have demonstrated a marked improvement in 
survival after these transplants compared with historical data (overall survival of 40% after 
mismatch transplants in the years 1990–2000): several publications over the last decade of cohorts 
of allograft patients with new haploidentical or pheno-identical 9/10 grafting protocols with 
unmodified grafts and GvHD prophylaxis with post-transplant cyclophosphamide or ex vivo T 
depletion adapted to the particular sensitivity of patients with Fanconi disease have shown a 
reduction in the incidence of these severe complications. Overall survival in recent studies varies 
from 65% to 85% depending on patient age and hematological status. A retrospective European 
study that compared 9/10 pheno-identical and haploidentical grafts in this indication showed a 
survival benefit in patients who had received transplants from a haploidentical donor. The results 
of haploidentical transplants recently published by different teams using an in vivo (Bonfim et al., 
2017) or ex vivo (Strocchio et al., 2021) T-depletion strategy are in favor of these haploidentical 
transplant strategies; however, strict comparison of these different transplant methods is made 
difficult due to the heterogeneity of patients included in the different cohorts (age, underlying 
pathology). At the same time, data from the English team (Bernard et al., 2021) support the use of 
alemtuzumab to reduce the incidence of GvHD.  

https://www.fanconi.com/wp-content/uploads/AFMF-FARF-Guidelines_FR_5th_edition.pdf
https://www.fanconi.com/wp-content/uploads/AFMF-FARF-Guidelines_FR_5th_edition.pdf
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These alternative grafts remain difficult indications that must be decided on a case-by-case basis 
and should be discussed at the MDT meetings. A prospective observational protocol for the 
evaluation of haploidentical grafts in patients with a progression to myeloid hemopathy or severe 
pancytopenia will be implemented in 2023. 
 

 Graft-versus-host disease (GvHD)  

At a comparable degree of compatibility, Fanconi patients have more severe acute or chronic graft-
versus-host disease (GvHD) lesions than other patients. Bone marrow transplant are 
recommended over peripheral stem cell grafts. Fludarabine, which induces a significant T 
lymphocyte depletion, decreasing the risk of GvHD at the cost of lower toxicity than alkylating 
agents for these patients, is recommended. 
GvHD is responsible for an increase in the frequency of secondary tumors, which occur on average 
from 10 years after allograft.  
 
Other treatments  
Hematopoietic growth factors have no place in the correction of cytopenias but can be used 
occasionally in the absence of therapeutic alternatives (G-CSF for threatening infections). The role 
of TPO-RAs has not been established, which means that they cannot be recommended. 
In the absence of the possibility of transplantation, androgens are regularly effective and can 
prevent the need for transfusions. Side effects (virilization and advancing bone age, lipid and liver 
abnormalities, and liver tumors – adenomas and adenocarcinomas) should be closely monitored 
(MRI or CT scan with a low dose of contrast medium annually for monitoring liver tumors). Danazol 
is used in the first instance as it is less virilizing, at a dose of 5 mg/kg in children (without exceeding 
the adult dose) and 800 mg per day in adults: once a response has been achieved, the minimum 
effective dose should be sought. 
Several teams are conducting gene therapy trials in a research setting on newly diagnosed FANCA 
patients. The difficulty is to efficiently transduce the patient’s stem cells in sufficient numbers to 
allow their expansion. Encouraging results have been published for 4 patients (Rio et al., 2019), 
but these therapies remain in the research domain (clinical trials) and do not apply to the majority 
of patients.    
 
b) Follow-up and management of extra-hematological aspects (excluding post-allograft 

complications)  

The follow-up of these patients is most often multidisciplinary and will involve pediatricians and 
adult doctors from different specialties as well as members of paramedical professions. In 
pediatrics, this follow-up is dominated by the management of congenital malformations, growth, 
and neurosensory and developmental aspects. In adulthood, it is dominated by screening for solid 
tumors. These patients should be monitored for life, including the rare non-allograft patients. 
 
Genetic monitoring 
1. Genetic diagnosis   
A genetic diagnosis makes it possible to confirm the diagnosis, to verify that the 2 parents are each 
carrying a mutation (which makes it possible to confirm that the 2 mutations identified in the patient 
are indeed in trans) and thus to specify the risk of recurrence in the family, to detect a still silent 
form in a sibling as part of the donor search, and to allow the proposal of a prenatal diagnosis 
(PND) or pre-implantation diagnosis (PID) in the event of a desire for a new child.  
 
2. Genetic counseling   
This can be offered to all parents and adult patients if they wish. It is essential if parents wish to 
have another child by assisted reproduction or if they are carriers of a variant of a downstream 
gene (see above). This implies that the mutation(s) has/have been identified and that it/they can 
be analyzed on DNA extracted from a single embryo cell. The practice of selecting a non-affected 
embryo that is HLA-identical to a sick sibling (double selection) is no longer practiced in France at 
present. 
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Malformations and other congenital disorders: diagnosis and monitoring 
Systematic testing must be carried out for these, at least for those that are the most common and 
for those that may have an impact on the development of the child. The diagnostic assessment will 
be directed by the clinic. As a minimum, and to avoid unnecessary irradiation, it must include: 

 an abdominopelvic ultrasound 

 an echocardiogram, a neurosensory assessment with neurological, ophthalmological and ENT 

evaluation including an audiogram, and if necessary an assessment by a psychomotor 

therapist 

 an evaluation by a psychologist 

The management of initial malformations and disorders will be ensured by organ specialists. It 
should anticipate the development of bone marrow failure; in particular, if surgical interventions are 
necessary it is logical to perform them before the occurrence of severe thrombocytopenia.  
 
Sensory and neurological disorders, psychomotor development 
Children with Fanconi disease may have: 

 neurosensory disorders: vision or hearing disorders 

 motor difficulties due to congenital malformations of the forearms and hands 

 academic difficulties that may be related to specific disorders and the seriousness of the disease 

but may also reveal specific learning disorders.  

This warrants systematic neurological, ophthalmological and auditory evaluation.  
The neuropediatrician (or neurologist) will evaluate the impact of musculoskeletal abnormalities of 
the radial ray (abnormalities of the thumb and radius, hypoplasia of the thenar eminence) on fine 
motor skills. A number of children have difficulties with handwriting, fatigue and slowness in writing, 
which harms their written work at school and does not reflect their good level of knowledge and 
understanding of a subject. The neuropediatrician will recommend a neuropsychological, 
psychomotor or occupational therapy assessment (depending on the age of the child) to identify 
specific disorders, which will lead to specific recognition by the MDPH, and will prescribe suitable 
care, as well as make recommendations regarding school (see Annex 12). 
 
Monitoring of growth and puberty 
Fanconi patients have a risk of small stature in adulthood. The causes are multiple: 
- disease-related (small stature due to syndrome) and associated with IUGR 
- endocrine deficiency including growth hormone deficiency, usually due to malformation of the 

pituitary region with ectopic post hypophysis  
- chronic anemia 
- treatment sequelae (corticosteroids, graft conditioning) 
 

This requires systematic monitoring of the growth of these children and systematic consultations in 
pediatric endocrinology from the diagnosis, during the pre-pubertal and pubertal periods.  
Delayed puberty may occur, which needs to be detected and possibly treated with hormone 
replacement therapy. 
In agreement with the family, growth hormone therapy is usually indicated in the case of growth 
hormone deficiency with malformation of the pituitary region. It is more debatable in other situations, 
due to the lower effectiveness and the less clear benefit/risk ratio. In the case of pituitary 
malformation, there is also a risk of other pituitary deficiencies, in particular, adrenocorticotropic 

hormone (ACTH) (risk of acute adrenal insufficiency).  
 
Reproduction and pregnancy 
Fanconi patients have reduced fertility due to the possible combination of urogenital malformations, 
hypogonadism, risk of early menopause and sterility induced by bone marrow allograft. However, 
spontaneous pregnancies are not uncommon, even after bone marrow allograft. Fertility 
preservation measures should be implemented whenever possible (see the section on fertility on 
p. 28). Patients should be able to have consultations on assisted reproduction. 
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Immunological monitoring 
Rare non-allograft Fanconi patients, including revertant patients, may develop a predominantly B 
immune deficiency in adulthood. This requires annual monitoring of immunoglobulin levels (IgG, 
IgA, IgM). 
 
Solid cancers and Fanconi anemia 
There are few large published series analyzing the therapeutic management of solid cancers in 
Fanconi anemia.  
The risk of solid tumors is particularly increased: 
- for Fanconi patients with damage to so-called downstream genes, i.e. those coding for FANC 

proteins acting downstream from FANCD2 mono-ubiquitination, at the nuclear foci of DNA 
repair. These genes (including BRCA2, BRCA1 and PALB2, initially identified as genes 
associated with breast cancers) are bi-allelically mutated in fewer than 5% of Fanconi patients 
but are associated with a very high risk of cancer (and leukemia) before the age of 5 years, 

- in chronic GvHD after bone marrow allograft, 
- in patients who have received androgens for prolonged periods for liver tumors. 
 

Cancers appear from the age of 20 years in non-grafted patients: their incidence increases 
continuously with age to an incidence of 4.4% per year at the age of 40 years. In allograft patients, 
these cancers occur earlier (10 years earlier): their incidence reaches 4.7% per year, 10 years after 
transplantation. Median survival after cancer diagnosis is similar in both populations: data from the 
literature report a median survival of 13 months. Acute GvHD and chronic GvHD are risk factors 
for solid cancers in allograft patients. (Rosenberg et al., 2005) 
Although many tumors affecting various organs are described, the vast majority are squamous cell 
carcinomas of the head and neck (Alter et al., 2018). A recent review of the literature concerning 
oral cavity cancers in patients with Fanconi’s disease shows that all areas are likely to be affected, 
although the tongue is the most frequently affected site (Furquim et al., 2018).  
Anogenital cancers are the only ones described as induced by human papillomavirus (HPV) in 
Fanconi disease (Van Zeeburg et al., 2008). 
Cancer of these regions appearing in an unusually young person and/or without risk factors, 
especially when associated with unusual toxicity of radiotherapy and/or chemotherapy, should 
prompt investigations for Fanconi anemia (revertant patients in particular). 
 

 Prevention  

Patients should be informed of this risk and encouraged to learn how to examine themselves: any 
suspicious lesions in the mouth that do not disappear within 3 weeks should lead to a consultation 
with a specialist. The preventive measures on which there is currently a consensus are:  
- having good oral hygiene  
- reducing consumption of alcohol, especially spirits. Mouthwashes containing alcohol should also 

be avoided  
- avoiding smoking tobacco and cannabis and passive exposure to smoke 
- getting vaccinated against HPV from the age of 9 for boys and girls as recommended by 

pediatric societies around the world to prevent the occurrence of HPV-associated squamous 
cell carcinoma  

In practice, however, screening for solid tumors must cover all patients, whether they have received 
a transplant or not. It should be started in pre-adolescence for types of cancer that can be found in 
children and continued for life. 
The general measures are to avoid known carcinogens (tobacco, alcohol, UV exposure and 
exposure to occupational carcinogens). In general, Fanconi patients should at least follow the 
recommendations made for the general population. Because Fanconi patients have increased 
sensitivity to radiation, the treating physician must also limit their exposure as much as possible by 
favoring non-irradiating examinations whenever possible (ultrasound, MRI). 
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 Monitoring methods must be adapted to each organ or location  

1. ENT region  
From the age of 10, the patient must have a thorough examination every 6 to 12 months with an 
ENT specialist, a maxillofacial surgeon or any other doctor who is experienced in the detection of 
head and neck cancer and is familiar with Fanconi’s disease. The examination should include 
careful exploration of the nasopharynx and oropharynx and if there is the slightest doubt, a biopsy 
should be performed. 
To date, systematic screening for esophageal cancer by fibroscopy and for hypopharyngeal or 
laryngeal cancer by nasofibroscopy is not recommended. Furthermore, in the experience of the 
aplastic anemia RC, these cancers tend to occur after a first cancer in the oral cavity: endoscopic 
follow-up is therefore recommended, including the hypopharynx, larynx and esophagus. 
2. Gynecology  
Patients have an increased risk of squamous cell cancers of the lower genital tract: the cervix, 
vagina and vulva.  
Vaccination against HPV should be routine. 
From the age of 13, patients should be monitored by a gynecologist for visual inspection of the 
external genitalia. From the age of 18, women should receive a comprehensive annual 
gynecological examination with a cervical smear. A colposcopy and biopsy should be carried out if 
lesions are identified during the examination or if the smear is abnormal. The examination must 
also include a search for dysplastic lesions of the anogenital region. 
3. Dermatology  
Patients should be informed of the risk of skin cancer. The general measures are the limitation of 
UV exposure and the use of high-strength sunscreens (SPF 30 to 50). A dermatological 
examination must be carried out once a year. In men, it must be combined with a thorough 
examination of the anogenital region. 
4. Liver  
Systematic examinations should be carried out for liver tumors using ultrasound or, ideally, MRI. 
The risk is particularly high in patients who have been treated with androgens, even after 
discontinuing such therapy, and these patients must be monitored annually. In patients who have 
not received androgens, an ultrasound or MRI is also recommended annually after the age of 30 
years. It is not easy to distinguish between adenoma and hepatocarcinoma in X-rays, and any 
lesion must be biopsied. 
 

 Therapies 

1. Surgery  
The only curative therapy for solid cancers in patients with Fanconi anemiais surgery. The earlier 
the lesion is managed, the higher the probability that surgery will be able to remove it completely, 
which warrants close monitoring for life. 
The margins of the excised tissue should be histologically negative: a margin of 1 cm 
macroscopically is recommended during surgery with iterative repeats, if necessary, if histology 
does not confirm this. 
The examination should be repeated regularly, given the risk of recurrence or occurrence of a new 
cancer. 
Repeated biopsies are necessary in the case of diffuse superficial lesions. 
Systematic lymph node dissection is performed in this indication. It should be bilateral if the lesion 
is near the midline. 
If excision of cancer is not possible, therapeutic management should be discussed among 
colleagues. 
2.  Chemotherapy  
Specialist hematological advice is required before chemotherapy in a patient with Fanconi anemia. 
In the context of Fanconi anemia (allograft or non-allograft patient), any chemotherapy – even at 
reduced doses – can have the following effects:  
- unusual hematological toxicity, due to the low capacity for bone marrow regeneration 
- unusual extra-hematological toxicity, especially mucosal  
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If chemotherapy is not formally contraindicated and is being considered, it should be performed 
under close hematological supervision (blood count x 2 per week) and during hospitalization if 
significant neutropenia or thrombocytopenia is observed. In these patients, hemorrhagic and 
infectious complications are a common cause of death after a diagnosis of solid cancer. 
Combinations of anti-vascular endothelial growth factor (VEGF) antibodies and chemotherapy with 
Taxol, with administration methods adapted to hematological toxicity, are being evaluated. It is 
recommended to seek advice from the CR. 
New targeted therapies need to be evaluated in a coordinated manner, especially PARP inhibitors, 
which appear to be of interest in this indication.  
3. Radiotherapy  
Conventional curative radiotherapy is generally contraindicated in patients suffering from 
Fanconianemia in the context of the treatment of solid cancers:, at an oncological dose, it is 
associated with unacceptable toxicity. Reduced doses are associated with significant mucosal 
toxicity without being effective. 
Low doses (2 to 4 Gy) are of interest only in unrelated allograft conditioning in adults (Peffault de 
Latour et al., 2016). 
 
Everyday life 
Fanconi anemia, like any chronic disease, has repercussions in everyday life, whether family, 
social, school or professional. 
This impact must be considered as soon as the diagnosis is announced and over the long-term. 
Sick people and their families may face a variety of challenges: 

 Accepting the diagnosis and mourning a healthy child 
 Learning to manage difficult periods: bone marrow transplantation, waiting for results, 

anxiety, isolation, etc. 
 Managing the various impacts of the disease on family (brothers and sisters, partners, etc.), 

professional life, and a child’s schooling 
 Making life plans despite uncertainties about life expectancy 

 
For all these reasons, families need to find a space to express their emotions, doubts and hopes. 
This space can be found with close family and friends but also, above all, with a professional or 
within the association for Fanconi anemia (AFMF). 
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Annex 8: Telomeropathies (formerly known as congenital dyskeratosis)  
 
Telomeropathies are a heterogeneous group of pathologies characterized by a deficiency in 
telomere maintenance, causing a range of clinical symptoms that are mainly hematological, 
respiratory, hepatic, cutaneomucous, immunological, osseous, digestive, neurological and 
ophthalmological. For a long time it was referred to as " dyskeratosis congenita ", but the existence 
of telomere shortening in blood cells, the identification of a growing number of genes involved in 
this pathology and the wide variability of the clinical phenotype have led to a preference for the 
term "telomeropathy". 
The clinical presentation (number of organs involved and nature and severity of organ damage, 
age at occurrence, prognosis) depends on several factors: the gene involved, the nature of the 
genetic abnormality, whether the mutation is heterozygous or homozygous, the generation affected 
and environmental factors (exposure to toxic substances in particular). 
To date, 17 genes have been identified as responsible for telomeropathies. These genes are: 
TERT, TERC, DKC1, RTEL1, PARN, TINF2, WRAP53, NOP10, NHP2, ACD, CTC1, NAF1, 
ZCCHC8, STN1, POT1, RPA1, and DCLRE1B/Apollo, and other genes that are sometimes 
considered by some as telomeropathy genes, although their involvement in telomeropathy is 
debated (ERCC6L2, USB1, MDM4, NPM1, SON and SHQ1). 
The most severe phenotype, called Hoyeraal-Hreidarsson syndrome, is characterized by neonatal 
or very early impairment combining pancytopenia, severe immune deficiency, neurological 
involvement with microcephaly, retinal involvement and variable organ involvement (liver, digestive, 
bone involvement). The prognosis is extremely poor. It is most often related to bi-allelic mutations 
and is associated with extremely short telomeres.  
Hematological disorders of the Aplastic anemia  type most often occur in young individuals 
(children, adolescents and young adults) of the 2nd or 3rd generation and are often associated with 
organ damage (hepatic or pulmonary) and premature greying hair. Cutaneomucous involvement is 
inconsistent and/or has delayed onset. The first event may be a myelodysplastic syndrome, in a 
patient with or without previously identified organ damage: these more recently identified forms 
most often occur between 30 and 50 years of age, later than the classic hematological disorders 
but at an early age compared to myelodysplastic syndromes where there is no underlying 
predisposition. The systematic search for genetic factors predisposing to the occurrence of these 
myelodysplastic syndromes in young subjects or those with a family history of hematological, 
hepatological or pulmonary disease is responsible for a rapid increase in the number of cases 
identified. 
Isolated pulmonary involvement occurs at a later age (between 50 and 60 years) and is most often 
identified in investigations for idiopathic or familial pulmonary fibrosis. A significant proportion of 
these patients have hematological abnormalities (macrocytosis and thrombocytopenia in particular) 
and a number will develop hematological disorders during pulmonary follow-up (cytopenia or 
myelodysplastic syndrome). Liver damage is often difficult to diagnose and requires a combination 
of systematic monitoring of laboratory (often falsely reassuring) and imaging tests: porto-sinusoidal 
vascular diseases, nonalcoholic steatohepatitis (NASH) and liver cirrhosis are the most frequently 
found forms when a liver biopsy is performed. They are associated with an increased risk of 
hepatocellular carcinoma. 
The risk of solid tumors is also increased in this syndrome: the main tumors described are 
squamous cell carcinomas of the oral cavity and hepatocarcinomas. 
Other disorders commonly described in combination with those described above are 1) severe and 
early osteoporosis, including men, 2) retinal involvement, 3) gastrointestinal angiodysplasias, 
sometimes responsible for severe hemorrhagic complications, 4) venous thrombosis and 5) 
increased risk of lymphoma. 
Developments in molecular genetic techniques have made it possible to search for these 
constitutional mutations in France since 2010, leading to an exponential increase in the number of 
cases identified over the period 2010–2017. Thus, the number of patients diagnosed annually 
increased from 8 in 2010 to 84 in 2016. The prevalence of telomeropathies is therefore currently 
estimated at 0.6 per 100,000 inhabitants, distributed equally between the mainly hematological and 
mainly pulmonary forms. The prevalence of mainly hepatic forms is currently unknown. 
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Indications for diagnostic tests in hematology  
Hematological involvement most often presents as a bi- or pancytopenia with hypo-cellular marrow. 
The involvement of the platelet line is the most constant and is often associated with macrocytosis. 
This progresses to severe pancytopenia or secondary myelodysplastic syndrome (sometimes 
progressing to acute leukemia). The search for a constitutional etiology (study of telomere length 
and genetic analyses) in subjects under 40 years of age with severe or moderate aplastic anemia  
is now one of the recommendations that most often allows these patients to be identified at an early 
stage. Telomere length is almost consistently below the 1st percentile in these patients; however, 
the positive predictive value is not 100%: Patients with other types of inherited hypoplasia (for 
example, Fanconi anemia, Shwachman-Diamond syndrome or GATA2) or idiopathic Aplastic 
anemia  may have telomeres below the 1st percentile. In patients over 60 years of age, telomeres 
between the 1st and 10th percentile can probably be considered pathological.  
The identification of a deleterious variant, a gene responsible for telomeropathies or the existence 
of an extra-hematological clinical phenotype (pulmonary, hepatic or cutaneomucous involvement 
or greying hair before the age of 20 years) are mandatory to confirm the diagnosis of telomeropathy. 
Thrombocytopenia or unexplained macrocytosis associated with pulmonary fibrosis and/or hepatic 
impairment should lead to the same investigations. 
 
Treatment of hematologic disorders   
For patients with severe aplastic anemia  related to telomeropathy (the mechanism of which is not 
immunological), immunosuppressive therapy is ineffective and may aggravate cytopenias and the 
risk of infectious, hemorrhagic and bone complications.  
For these patients, the only potentially curative therapy is allogeneic bone marrow transplantation 
from an unmutated HLA-compatible intrafamilial donor or an unrelated HLA-compatible donor. 
However, bone marrow transplantation does not correct the genetic deficit in extra-hematopoietic 
cells and exposes organs to infectious, toxic and immunological complications. The prognosis for 
bone marrow transplantation in telomeropathies is poor, which is why many teams have not 
performed transplants in this indication for many years (Rocha et al., 1998). Thus, in a recent review 
of the literature, overall survival in a cohort of 109 patients was estimated at 57% and 23% at 5 and 
10 years respectively, due to hepatic, pulmonary and graft dysfunction complications (Barbaro et 
al., 2016). Improved early survival for transplant patients after 2000 has not resulted in a long-term 
survival benefit in this population, due to middle- and long-term liver and lung complications. New 
conditioning regimens have been proposed in recent years to limit extra-hematopoietic toxicity in 
patients with telomeropathies. However, these have not been in use for long enough to determine 
whether there is any benefit in terms of survival in the middle- and long-term. Rapid worsening of 
lung and liver damage that is asymptomatic or causes few symptoms before transplantation has 
been observed after non-myeloablative conditioning, especially when total body irradiation is used, 
even at low doses (Sorge et al., 2017, and unpublished personal data).  
Indications for bone marrow transplantation are therefore currently limited to patients with severe 
aplasia (PNN <0.5 G/L, platelets <20 G/L, reticulocytes <20 G/L and/or transfusion requirements 
or infectious complications) or high-risk myelodysplastic syndrome with an HLA-compatible donor 
and no significant hepatic or pulmonary organ dysfunction (grade C).  
Androgens are the main therapeutic alternative to bone marrow transplantations in severe 
hematological disease (grade B). In the only published prospective study, Townsley et al, (2016) 
observed a hematological response in 79% of patients at 3 months (24 assessed) and 83% of 
patients at 24 months (12 assessed). 12 of the 13 patients who received transfusions before 
therapy were independent of transfusions during therapy. The median increase was 3.3 g/dL for 
hemoglobin, 0.3 G/L for PNN and 14 G/L for platelets. One patient experienced a rapid worsening 
of their moderate aplasia under therapy. The reduction in telomere length loss observed in this 
study was not confirmed by other retrospective studies over longer follow-up periods. This study 
also suggests a benefit in terms of reduction of the loss of forced vital capacity in patients with 
respiratory impairment. In this study, 37% of patients stopped therapy early before 24 months. The 
main side effects reported were: 

- hepatic: elevation of transaminases in 41% of cases, severe hepatic dysfunction requiring the 
creation of a portosystemic shunt 

- muscular: cramps in a third of patients 
- endocrinologic: abnormalities of lipid profile in a quarter of patients 
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- headache in 15% of patients 
- weight gain in 15% of patients 
- one patient had a severe thrombotic event and another was diagnosed with hemangioblastoma 

during therapy. 
 

Danatrol is given at a dosage of 400 mg x 2 daily for at least 3 months prior to evaluation. In the 
event of poor tolerance, the dose may be reduced to 200 mg x 2 daily. Once the response is stable, 
the dose is gradually reduced at intervals of at least 6 months. Annual monitoring with MRI or a 
contrast-enhanced CT scan of the liver is necessary due to the increased risk of liver tumors. 
There are no data in the literature on the efficacy of thrombopoietin receptor agonists in these 
patients. In the experience of the aplastic anemia  RC, none of the treated patients achieved even 
a partial hematological response (unpublished personal data). Transfusion support poses the 
middle- and long-term problem of the risk of allo-immunization, leading to loss of efficacy, iron 
overload and the absence of effect on the infectious risk. 
 
Follow-up  
- A blood count is recommended every 3 to 6 months 
- A bone marrow aspiration with cytogenetic analysis is recommended for diagnosis and then every 
18 months or in case of worsening of hematological abnormalities 
- Osteomedullary biopsy is of interest only in the event that it is impossible to carry out aspiration 
of bone marrow  
- Monitoring the length of telomeres is unnecessary 
 
A cellular immune deficiency is possible and should be evaluated in case of opportunistic or 
repeated infections. Hypergammaglobulinemia is common. 
 
Screening for and prevention of extra-hematologic involvement  
- An initial pulmonary assessment by CT scan and respiratory function exploration (RFE) is 
recommanded. In the absence of abnormalities, the CT scan will be repeated every 3 to 5 years 
and the RFE every 2 to 3 years. In the majority of cases of respiratory involvement (55% to 90% 
depending on the series), an additional risk factor is found: smoking, occupational exposure to toxic 
substances or a context of hypersensitivity pneumopathy. The focus must be on the removal of 
toxic substances and tobacco especially. In the absence of CT scan abnormalities and in the 
presence of dyspnea, a search for hepatopulmonary syndrome should be performed (Borie et al., 
2016).  
- Hepatic involvement is currently the least well characterized and the prevalence of hepatic 
involvement, estimated at less than 10% in cohorts of patients with telomeropathies, is probably 
significantly underestimated. The clinico-pathological description is heterogeneous: porto-
sinusoidal vascular disease, cryptogenic fibrosis or cirrhosis, non-cirrhotic portal hypertension, 
regenerative nodular hepatopathy or steatosis. Histological damage is most often underestimated 
when evaluation is based on laboratory tests and/or imaging tests. Histology often reveals severe 
hepatocyte damage with portal fibrosis lesions. Portal hypertension is frequently found at an early 
stage and is responsible for hemorrhagic complications. Central hematological involvement is often 
underestimated in these patients, whose cytopenias are associated with portal hypertension. 
Hepatocellular carcinomas and angiosarcomas can occure in the settings of hepatopathy. 
Abdominal ultrasound with a search for portal hypertension should be performed at diagnosis and 
in the event of any disruption in the liver function tests. Specialized hepatological advice is 
recommended in the event of any abnormalities in the laboratory tests or imaging tests. Alcohol 
must be avoided. 
- Osteoporosis fractures are common and bone densitometry and adequate vitamin D 
supplementation are routinely recommended. 
- Follow-up by a maxillofacial surgeon is recommended in case of leukoplakia, to screen for 
precancerous lesions. 
- thelomeropathy do not seem to be associated with a fertility decrease in both men and women. 
Fetal complications and HELLP syndromes (hemolysis, elevated liver enzymes and low platelets) 
are more common in women with telomeropathy (Giri, et al., 2021).  
 



 

 
66 

Genetic counseling and screening of relatives  
For all patients with mutations, overall survival is difficult to predict because it in particular depends 
on the affected generation. In a retrospective study involving mainly patients with a classic severe 
form, the median survival was 42 years. This does not allow us to extrapolate to all telomeropathies, 
due to the later age of onset of the first manifestations in the predominantly pulmonary and hepatic 
forms and in myelodysplastic syndromes. However, when a patient has symptomatic 
hematological, pulmonary or hepatic involvement, life expectancy is less than 5 years and median 
survival is probably 2 to 3 years  
The early diagnosis of sub-clinical damage (promoted by the access of relatives to molecular 
genetic diagnosis at the pre-symptomatic stage) makes it possible to carry out preventive work by 
limiting exposure to toxic substances that contribute to the development of organ damage. To date, 
however, no treatment can prevent the disease from getting worse.  
The diagnosis of non-symptomatic relatives must be offered to everyone as part of a genetic or 
mixed consultation. For children who are minors, a clinical and biological evaluation without genetic 
diagnosis can be proposed in the first instance until they reach the age where they can choose to 
do this test. In fact, screening should only be carried out if a direct benefit is expected, in 
accordance with the law of bioethics. 
Note that genetic counseling is especially complex in these diseases and must be done by doctors 
who have a good knowledge of them: for some genes, both mono-allelic and bi-allelic forms are 
described and rare phenocopies have also been described, i.e. patients who may have 
telomeropathy-like manifestations linked to the fact that they have inherited short telomeres even 
though they are not carriers of a mutation. 
Prenatal or pre-conceptional diagnosis is difficult because of the dual heritability of the mutation 
and the size of the telomeres. A non-mutation-carrying relative may have inherited short telomeres 
and thus be exposed to complications similar to those observed in individuals carrying the mutation. 
Although a small number of cases have been described, this limits the negative predictive value of 
genetic diagnosis in this context. This does not contraindicate the latter, but clear information has 
to be given to families. 
Psychological support should be proposedto patients and relatives because of the severity of the 
disease. 

 

Annex 9: Diamond Blackfan anemia (DBA)  
Diamond Blackfan anemia is an inherited bone marrow failure syndrome characterized typically by 
erythroblastopenia, secondary to a blockage of erythroid progenitor maturation (BFU-e/CFU-e 
stages). The disease is mostly associated with a defect in the production of red blood cells. Due to 
the absence of anemia in some patients, the name Diamond Blackfan disease or Diamond Blackfan 
syndrome is currently preferred (L Da Costa, T Leblanc et al., 2020).  
 
EPIDEMIOLOGY 
DBAis a rare disease with an estimated incidence in several European registries of between 5 and 
7 cases per 1,000,000 live births. It is likely that this corresponds to the classic forms and that the 
actual incidence is higher. 
 
GENETICS 
To date, 23 genes encoding ribosome structural proteins have been identified, either RPS 
(encoding small subunit proteins) or RPL genes (encoding large subunit proteins). The most 
frequent identified gene is RPS19 , involved in 25% of patients. Six genes (RPS19, RPL5, RPL11, 
RPS26, RPS24 and RPL35a) are involved in approximately 90% of patients of known genotype (L 
Da Costa et al. 2017; JC Ulirsch et al., 2019). For these genes, the transmission is autosomal 
dominant (haplo-insufficiency). Functionally, these mutations are associated with a defect in 
ribosome biogenesis (Leger-Sylvestre et al. 2005; Choesmel et al., 2007). 
To these RPL and RPS genes, we can add 2 genes encoding chaperone proteins involved in the 
biosynthesis of ribosomes identified in very rare patients: 
- TSR2, which codes for a chaperone protein of RPS26 (X-linked transmission). 
- HEATR3, which codes for a protein involved in the nuclear import of RPL5 in men (autosomal 

recessive transmission) (MF O’Donohue et al., 2022) 
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There is a consensus on another two genes whose pathogenic variants are responsible for 
phenotypes very close to DBA: 

- GATA1, which codes for a transcription factor involved in erythropoiesis; the gene is located on 
the X chromosome and the transmission is linked to gender; mutations associated with a DBA-
type picture are specific, resulting in the loss of the long isoform 

- TP53, with monoallelic gain of function mutation. 
There are two other genes involved in other constitutional erythroblastopenia that are different from 

DBA (differential diagnosis) 
- EPO, which codes for erythropoietin (autosomal recessive transmission, loss of function mutation, 

1 family described)  
 - CECR1/ADA2 (autosomal recessive transmission) involved in DADA2 syndrome; some patients 

may present with erythroblastopenia mimicking DBA. 
Currently, a mutation is identified in 80% of DBA patients. 
It should be noted that 7 other genes that code for RP proteins have been involved in some patients 
but are currenly under investigation.  
In the absence of an identified mutation, an exome- or genome-type study (French national PFMG 
2025 program) can be carried out in a research setting. 
 
CLINICAL MANIFESTATIONS 
Diagnosis is classicaly made early in life, usually before 1 year of age (median age at diagnosis of 
2 months); diagnosis after 4 years was considered to be  rare but possible. Actually more and more 
cases are diagnosed in adults, in forms with mild anemia or in patients without anemia in whom 
DBA is diagnosed due to other manifestations (see below).  
  
In small children, the clinical picture involves a combination of isolated pallor and dyspnea that 
causes difficulties during breastfeeding.  
Anemia is typically isolated without splenomegaly, signs of hemolysis or manifestations related to 
the involvement of other hematopoietic lineages.  
More than half of patients have growth retardation and associated malformations, the most 
common being malformations of the thumb (including the classic triphalangeal thumb), cephalic 
area (cleft lip and palate), heart and urogenital organs, although many other malformations have 
been reported (Willig & al., 1999). 
Apart from the anemia assessment, a diagnosis may also be based on:  
- Assessment of congenital malformations or polymalformative syndrome with or without anemia 

(value of an isolated macrocytosis) 
- Assessment of minor CBC abnormalities, including isolated macrocytosis or neutropenia; the 

platelet line is usually preserved 
- Assessment of B lymphocyte deficiency with hypogammaglobulinemia 
- Myelodysplastic syndrome occurring in a "young" subject (before 60 years of age) 
- Cancer unusual in age or characteristics and unexpected hematological intolerance to 

chemotherapy (transfusion requirements) 
- Family investigation with diagnosis of DBA in an asymptomatic carrier at the time of the study 
The diagnosis of DBA is based on a set of clinical and biological arguments. 
In a clinical context that suggests DBA, the biological elements in favor of DBA are mainly: 
- The blood count shows an isolated, macrocytic anemia with little or no regeneration (<20 G/L); 

reticulocytopenia can be severe in forms requiring transfusion, with no reticulocytes in the 
peripheral blood. Conversely, some patients will have normal or subnormal hemoglobin, 
present reticulocytes and simply macrocytosis, or even a normal blood count. 

- Damage to other lines without clinical impact may be present: thrombocytosis (newborns only), 
moderate thrombocytopenia, leukoneutropenia, lymphopenia (frequent also in patients on 
corticosteroid therapy). In exceptional cases, neutropenia can be severe (RPL35a gene) 

- Evidence of erythroblastopenia in the bone marrow differential cell count (absence or <5% of 
erythroblastic precursors within a normocellular marrow) without any sign of dyserythropoiesis; 
it may be absent in non-anemic patients or in forms with non-severe anemia. Otherwise, the 
marrow is usually of normal richness. It may appear poor in adults. 

- An increased activity of fetal hemoglobin F beyond 6 months of life 
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- A high level of a red blood cell enzyme: erythrocyte adenosine deaminase (eADA), which is 
assayed in very few laboratories and must be evaluated before any transfusion of red blood 
cells (or after 3 months without transfusion). 

- Ribosomal RNA maturation profiling is currently used in research to validate the pathogenicity of 
a mutation; it is not yet used in clinical practice but could be a functional test in the future. 

Genetic diagnosis confirms the presence of a mutation in the majority of patients (80%). Diagnosis 
is most often made by targeted NGS. If this is negative, it is necessary to look for large deletions 
(10-20% of cases of DBA) using an appropriate technique such as customized comparative 
genomic hybridization (CGH) array or multiplex ligation dependent probe amplification (MLPA). 
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Management of anemia in a patient with DBA 

           
     Child under 1 year old      
              
      Transfusion(1)       
     NB: chelation is often 

necessary before the age 
of 2 years 

     

              
     At the age of 1 year: 

corticosteroid test(2) 
     

              
 Corticosensitive 

at low doses(3) 
        Corticosteroid-

resistant or 
corticosteroid-

dependent at too 
high a dose 

 
        

              
              
 Continue the 

corticosteroids(4) 
   Patient at very high 

risk of iron overload: 
chelation should be 

optimal(5) 

  Return to 
transfusions(1) 

 
  

              
              
HSC transplant to be discussed 
in the event of clonal evolution 

(‘MDS) (7) 

     Consider HSC 
transplantation if geno-

identical or pheno-identical 
10/10 donor(6) 

     

              
(1) : maintain hemoglobin >9 g/dL 
(2) : the test can be delayed if there is a significant growth retardation and when transfusions 

are well tolerated without too much iron overload. This test can be done regardless of age 
in the case of late diagnosis and also in adulthood in patients who had a phase of 
therapeutic independence after being treated in childhood 

(3) : maximum tolerable dose: 0.30 mg/kg daily according to the international consensus but 
ideally a dosage of <0.15 mg/kg daily 

(4) : long-term corticosteroid therapy should be discussed according to its efficacy and toxicity. 
A return to transfusions may be preferable for the patient. To be discussed especially in the 
pre-pubertal period to optimize growth and in adulthood, where a relative loss of 
corticosensitivity is regularly observed. 

(5) : chelation objectives: ferritin between 300 and 500 µg/L and no iron overload in hepatic 
MRI (LIC <36 µmol/g) 

(6) : the current consensus considers only these types of transplant. The transplant should 
ideally be done between 3 and 5 years of age. 

(7) : these patients develop MDS early compared to the general population and are therefore 
potential candidates for an allograft. 

 
Abbreviations: LIC : Liver Iron Content, HSC: hematopoietic stem cells, Hb: hemoglobin, MDS: 
myelodysplastic syndrome 

 
 
:  
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THERAPEUTIC ASPECTS (1): treatment of anemia and follow-up 
 

1) Patients on transfusion support: 
 
The current consensus is not to use corticosteroids in children under 1 year old. 
 
Transfusion support must allow normal growth and psychomotor development in children and must 
allow a reasonable quality of life in adults. The recommended transfusion threshold is 9.0 to 
9.5 g/dL; tolerance to chronic anemia decreases rapidly with age and some adult patients may 

require more support.  
 
The interval between 2 transfusions is 3 to 4 weeks; some patients who still have significant 
reticulocytosis may receive transfusions less often. 
As in any regularly transfused patient, a serological assessment should be carried out at least once 
a year. Vaccination against hepatitis B is recommended if the patient is not immunized. 
Monitoring of iron overload must be particularly rigorous: it is established that DBA patients are at 
higher risk of iron overload with equal transfusion support than other transfused patients (Porter 
JB & al., Br J Haematol 2014). This is particularly marked in small children, who can very quickly 
develop a severe tissue overload, including at the cardiac level, considering that the chelators are 
difficult to handle at this age.  
Chelation must therefore be optimal and discussed as soon as the ferritin exceeds 500 µg/L, which 
is often the case before the age of 2 years.   
The consensual objectives in these patients are to keep ferritin below 500 µg/l and hepatic (LIC; 
determined by hepatic MRI) and cardiac (myocardial T2* measured by MRI) iron load within the 
normal range.  
The 2 most commonly used chelators are: 

- Deferoxamine: dosage of 40 to 60 mg/kg daily in subcutaneous infusions and with a 
minimum passage time of 8 hours, ideally 12 hours. This therapy is often prescribed 5 days out of 
7 to ensure the patient’s adherence. In children younger than 2 years of age this is the only chelator 
that can be used; the maximum dose in infants and toddlers (up to 3 years) is 30 mg/kg daily.  

- Deferasirox, which is used as first-line treatment in children over 2 years of age and adults 
at the usual doses (14 to 28 mg/kg daily) 
Deferiprone is not usually recommended in DBA patients due to a proven higher risk of 
agranulocytosis (estimated at 10%): its prescription can only be considered in 3rd line treatment in 
a patient with uncontrolled iron overload, after discussion with expert physicians (MDT meeting) 
and after educating the patient and their relatives about the risk of infection (medical treatment for 
any febrile episode with written recommendations provided to the patient). It should be given in 3 
doses at a maximum dose of 75 mg/kg daily (Lecornec et al., 2022).  
The intensity of iron overload in these patients often requires the use of a combination of 
2 chelators. This also often limits the side effects of each drug.  
It should be noted that one of the objectives of chelating treatment is also to control the non-
transferrin bound iron (NTBI) present as soon as transferrin saturation exceeds 60% to 70% (which 
is the case in practically all transfused DBA patients). This in theory requires daily administration 
of a chelator and it is possible, for example, to give 2 days of deferasirox to a patient treated with 
deferoxamine 5 days out of 7. 
Evaluation of iron overload must be carried out: 

- By monitoring ferritin levels: these should be evaluated just before a transfusion, in the 
same lab, and monthly if possible. If it is not possible to estimate the tissue overload based on an 
isolated ferritin level, consideration of the development of levels, the prescribed chelators and the 
patient’s history usually allows adequate monitoring  

 
- Monitoring of the transferrin saturation coefficient is especially useful either at the beginning 

of the transfusion program to judge the buildup of overload following the transfusion or in a patient 
with very good chelation levels, in order to adapt the therapy; however, it is very rare to succeed in 
bringing the saturation coefficient down to an appropriate level (<60%).  

 



 

 
71 

- Hepatic MRI should be performed at the age of 5 to 6 years at the latest and possibly earlier 
in case of uncontrolled overload, and then every 12 to 24 months depending on the degree of 
overload. Cardiac MRI should also be performed regularly, at least during the first evaluation and 
then depending on the results and the development of iron overload. 
It should be noted that in patients with ferritin levels of around 500 µg/L, the risk of chelating agent 
toxicity is greater. It must be ensured that control is also good at the tissue level, but usually it is 
necessary to reduce the dosage of chelators, particularly deferasirox, to avoid toxicity problems. 
Other systematic follow-ups in transfused patients: 

- The toxicity of chelating agents should be monitored according to the usual 
recommendations.  

- Regular assessments (1 per year) to detect endocrine, hepatic and cardiac damage from 
hemochromatosis 
 
2) Patients on corticosteroids: 
 
Corticosteroid test: corticosteroid therapy should be evaluated at the age of 1 year. This delay 
allows the diagnosis to be confirmed and limits the impact on growth and final size in adulthood.  
However, this can be modulated: in the event of significant growth retardation, and if transfusions 
are well tolerated in a child without uncontrolled iron overload, the test may be delayed to 
18 months; on the other hand, in a country where transfusion support is not reliable, an earlier trial 
can be discussed.  
The starting dosage in children (as in adults) is 2 mg/kg daily in 2 doses without exceeding 80 mg. 
Responder patients have a reticulocyte crisis around D10: if this is confirmed, corticosteroids can 
be lowered from D15 and then every 15 days provided that reticulocytes are maintained and Hb 
levels normalize. This can initially be done in steps of 0.5 mg/kg, down to a dosage of 0.5 mg/kg 
daily. From this threshold, more gradual steps of 0.1 mg/kg every 2 to 4 weeks will be taken to 
determine the minimum dose needed to maintain hemoglobin levels. According to the consensus, 
0.30 mg/kg daily is the maximum tolerable long-term dosage. The ideal, often achieved with “true” 
corticosensitive patients, is to have a dosage of less than 0.15 mg/kg daily, knowing that for some 
patients erythropoiesis can be maintained with a dosage that can appear “homeopathic”.  
Once the minimum dosage is defined, it may possibly be doubled for children and given 1 day out 
of 2, although the benefit of this in terms of growth is currently being rediscussed and this 
arrangement may be associated with a certain degree of adrenal insufficiency 1 day out of 2. 
In the event of reticulocyte count relapse after the initial reduction, it must be concluded, depending 
on the case, either that the dose has been reduced below the minimum dose, and it will be 
necessary to go back, or (if this relapse is early) that the patient has developed corticosteroid 
dependence at too high a dose, and it will be necessary to return to transfusions. 
Patients who do not respond at D15 should receive another 15 days of corticosteroids at 2 mg/kg 
before concluding that there is primary corticosteroid resistance (20% of patients); in the case of 
non-response, discontinuation of corticosteroids will be carried out quickly (one week). A second 
corticosteroid test can be done at a later stage, but a more favorable result is rare. 
DBAis the only example of human disease where corticosteroids can be prescribed from the age 
of 1 year for an indefinite period (“lifetime” treatment) and their side effects must be regularly 
evaluated, in particular for bone involvement, which routinely occurs even at very low doses and 
warrants monitoring with bone densitometry. Vitamin D supplementation should be systematic. 
Continued corticosteroid therapy should be regularly discussed depending on its effectiveness 
(some DBA patients lose their corticosensitivity over time and do not maintain a hemoglobin level 
compatible with a good quality of life) and its side effects. In these patients with a “double sentence” 
(toxicity and insufficient Hb level), it is necessary to return to transfusion support. 
Temporary discontinuation of effective corticosteroid therapy may be indicated in various 
circumstances:  

• Pre-pubertal period: to optimize pubertal growth spurt and final size. Even very low doses 
(<0.15 mg/kg daily) do not allow a normal pubertal growth spurt. This should be discussed between 
the pediatric endocrinologist and the patient, bearing in mind that the withdrawal of corticosteroids 
should be for 2 to 3 years. 

• Growth hormone therapy (see below). 
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• Pregnancy: in the case of corticosteroid therapy at a relatively high dose and particularly 
since the physiological anemia of pregnancy can "decompensate" anemia; to be discussed with 
the obstetric team 
 
“Remissions” (these tend to be referred to as therapeutic independence periods) may occur after 
a period of corticosteroid therapy. In a French registry study, 42 out of 125 patients who responded 
to corticosteroids were in therapeutic independence during the analysis (Willig & al., 1999). These 
remissions occur either in small children (before the age of 2 years) or during adolescence. In very 
rare cases (2 published), a somatic reversion in a hematopoietic stem cell has been demonstrated, 
but the current consensus is that this mechanism occurs in only a tiny minority of patients.  
These untreated patients have minor blood count abnormalities (borderline Hb, macrocytosis, 
elevated HbF, tendency to leukoneutropenia).  
They should be regularly monitored since a “relapse” of anemia can occur in adulthood and they 
also have the same risk of solid tumors or hypogammaglobulinemia as all DBApatients.  
 
3) Bone marrow transplantation: 
An indication for bone marrow transplantation should be discussed: 
- In any corticosteroid-resistant child that is dependent on transfusions. The results of the 
transplant are better in children under 10 years and the current recommendations are to do this 
before the age of 5 years if possible, and ideally without too much iron overload. It is generally 
accepted that transplants are too risky for adult patients. 
 
The new consensus for this indication is that we can consider 2 types of donor: 
 

- Either a geno-identical donor: assuming that the disease has been excluded in them, which 

can be difficult in the absence of identified mutation; at the slightest doubt, it will be 

necessary to discuss choosing an unrelated donor 

- Or an unrelated (10/10) donor, given the current good results (Strahm & al., Blood Adv 

2020) 

 
- In any patient presenting a clonal evolution, regardless of age or graft type. 
NB: Very rarely, other clinical situations may lead to the discussion of an allograft: severe 
neutropenia (RPL35a gene) or uncontrollable iron overload. 
 
Methods of transplant:  
 
Given the results reported in the literature, the transplant should preferably be carried out between 
the ages of 2 and 10 years. Before the age of 2, the risk of toxicity is increased, and except in the 
case of early myelodysplastic syndrome (very rare) , earlier transplantation is not justified. Beyond 
the age of 10, the results of transplants are significantly less good in terms of disease-free survival 
and survival without GvHD (GRFS), with an excess of GvHD possibly related to more transfusions 
in the history and greater allo-immunization. 
 
The recommended conditioning is myeloablative as  these patients have a rich bone marrow: 
- BUSULFAN adapted to the weight of the child and in accordance with the SmPC (associated with 
pharmacokinetics with standard area-under-the-curve (AUC) targets of 900–1350 µMolxmin) in 
4 days from D-5 to D-2, FLUDARABINE 40 mg/m2 daily x 4 days from D-6 to D-3 and serotherapy 

(Thymoglobulins 10 mg/kg, total dose).  
- or reduced toxicity conditioning with TREOSULFAN and FLUDARABINE +/- THIOTEPA and 

serotherapy (Thymoglobulins 10 mg/kg, total dose). The SmPC for treosulfan provides for 
adjustment of the dose of this medication to body surface area (BSA):  10 g/kg daily for children 
with a BSA of less than 0.5 m2, 12 g/kg daily for children with a BSA of 0.4 to 1 m2 and 14 g/kg 
daily for patients with a BSA of greater than 1 m2. It should be noted that this medication currently 
does not have an MA in the treatment of non-malignant pathologies in pediatrics. 
There is no indication for total body irradiation 
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- Prophylaxis for graft versus host disease is standard, based on a calcineurin inhibitor combined 
with "short" methotrexate or mycophenolate mofetil when using a related placental blood graft. 
- The preferred cellular source is bone marrow, to reduce the risk of chronic GvHD. 
- The use of an alternative donor, a non-related voluntary donor of HLA compatibility <10/10 or 
haplo-identical donor, should only be discussed in case of myelodysplastic syndrome. The use of 
unrelated placental blood does not lead to satisfactory results, but studies reporting these 
disappointing results are old (Mugishima H et al., 2007 and Bizzoto et al., 2011). 
 
4) Other treatments for anemia 
 
There is currently no other drug treatment for anemia in DBA patients other than corticosteroids. 
 
Erythropoietin, sotatercept or ciclosporin are not active. Eltrombopag is not a validated therapy and 
should not be used outside of a possible clinical trial. 
 
Only leucine has been associated with very rare hematological responses; although the impact on 
height-weight growth is relatively common and may justify its use in children, hematological 
responses are nevertheless very rare (Vlachos Lipton & al, Pediatr Blood Cancer 2021).  
 
THERAPEUTIC ASPECTS (2): other disorders 
 
The follow-up of these patients must be multidisciplinary and will involve pediatricians and adult 
doctors from different specialties. 
 
Management of congenital malformations  
Variable depending on type. 
 
Growth monitoring 
DBA patients have a high risk of small stature in adulthood. The causes are multiple: 

- Small stature due to syndrome and IUGR 
- Rare growth hormone deficiencies (with or without abnormality of the pituitary region in 

imaging) 
- Effects of corticosteroids 
- Effects of iron overload 
- Delayed puberty 
- Chronic anemia  

 
This justifies a precise monitoring of the growth of these children and at least one systematic 
consultation in pediatric endocrinology in order to assess the impact of the disease on growth. The 
impact of possible corticosteroid therapy will be discussed (see above).  
Growth hormone therapy has shown short-term efficacy in catching up with the growth curve, but 
no adult height data are available (Howel & al., Pediatr Blood Cancer 2015). Such therapy may be 
offered to children with the most severe growth retardation, within the framework of the usual 
indications for these therapies. The indication should be discussed with a pediatric endocrinologist 
and will take into account expected height in adulthood and the expected gain in cm. It should be 
noted that the initiation of GH therapy must be associated with discontinuation or reduction of 
corticosteroid therapy and the establishment of transfusion support. More recently, leucine therapy 
has been proposed, which could improve the height-weight growth of DBA children (Vlachos & al, 
Pediatr Blood Cancer 2020). 
 
Immunological monitoring 
DBA patients are often lymphopenic and this can be accentuated by corticosteroid therapy. 
Changes of the CVD type (common variable deficiency) have been reported and this requires 
annual measurement of Ig G, A and M. 
 
Oncological risk 
DBA patients have an increased risk of malignant hemopathies and cancers. 
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1) MDS and AML 
The risk is very high for myelodysplastic syndromes, which occur at a younger age than in the 
general population; it is considered that there is premature aging of the bone marrow in DBA 
patients, and MDS can occur most often from the age of 50–60 (Vlachos & al, Blood 2012). 
However, there are no published descriptive data on these MDS. 
In all patients, a FBC with reticulocyte count should be carried out every 3 months; any unusual 
changes in the FBC should lead to discussion of a bone marrowaspiration and biopsy. To date, 
there are no recommendations regarding the practice of systematic bone marrow differential cell 
counts. 
2) Solid tumors 
The risk of solid cancers is also increased and this has been demonstrated in 2 successive studies 
of the American registry (Vlachos & al, Blood 2012, Vlachos & al, Blood 2018). The median age for 
the first tumor is 36 years. The types of cancers observed are variable; the 2 cancers appearing 
significantly more frequently than in the general population are osteosarcoma and colon cancer.  
To date, there are no “official” recommendations regarding the practice of screening tests for these 
tumors. 
However, the American registry recently recommended the practice of systematic colonoscopies: 
every 5 years from the age of 20 (Lipton & al, Genes 2022) and this recommendation will be 
included in the next guidelines (to be published in 2024) 
Patients and their treating physicians should be informed of the increased risk of cancer.  
Patients should be aware of the main symptoms requiring specialist consultation and they and their 
physicians should at a minimum follow the recommendations given for cancer prevention in the 
general population. 
 
 
DBA annual patient follow-up summary: 
 

In all patients FBC with reticulocyte count at least quarterly; bone 
marrow differential cell count if FBC abnormality 
Ig G, A, M levels: Once a year 
Colonoscopy: every 5 years from the age of 20 

In patients taking corticosteroids Annual metabolic assessment 
Vitamin D level: Once a year 
Bone densitometry every 2 to 3 years 

In transfused patients Viral serology (HIV, HBV & HCV, HTLV): Once a year 
Ferritin: before each transfusion 
Hepatic and myocardial MRI: every 12 to 24 months 
depending on degree of overload 
ECG & cardiac ultrasound: every 12 to 24 months; if 
myocardial overload on MRI: Holter 
Endrocrinologic follow-up once a year; sex hormones, 
T4 and TSH, PTH 
Monitoring for toxicity & side effects of chelating agents: 
Fundus of the eye, lens examination (deferasirox): once 
every 1 to 2 years 
Audiogram (deferasirox, deferoxamine): once every 1 to 
2 years 
Renal ultrasound: search for lithiasis (deferasirox, 
deferoxamine): once every 2 to 3 years 
Zinc deficiency: once a year 

 
 
 
Genetic counseling and medically assisted procreation 
DBA tis most often sporadic (55%) (dominant neomutation); in familial forms; its transmission is 
autosomal dominant for RP genes. No genetic anticipation has been described inDBA . The 
severity of the phenotype (hematological and extra-hematological) of an unborn child cannot be 
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predicted, either by the gene or mutation identified, or by the phenotype of the parent or other 
affected siblings.  
Parents should therefore be informed that in case of familial forms with one of the two parents 
suffering from or carrying a mutation and/or a high eADA, the risk of birth of an affected child is 
50% each time and that the birth of a severely affected child cannot be excluded. 
This calls for genetic counseling, which must be offered to all parents and adult patients. It is 
essential if parents wish to have another child by assisted reproduction.  
This assumes that the mutation has been identified and confirmed as pathological and that it allows 
an analysis of DNA extracted from a single embryo cell.  
The practice of selecting an embryo that is both unaffected and HLA-identical with a sick brother 
or sister (double selection) is no longer practiced in France at present but can be done in some EU 
countries 
 
Pregnancy 
Women with DBAhave a high risk of complicated pregnancies (Faivre and Leblanc & al, 
Haematologica 2006).  
This warrants follow-up in level 3 maternity units.  
The required dose of corticosteroids may be too high for fetal development and should be 
discussed with the obstetrical team; this may involve the provision of transfusion support during 
pregnancy. This may also be necessary for a woman in therapeutic independence but with a 
hemoglobin level that is too low. For a woman undergoing transfusion support, transfusion intake 
will normally need to be increased.  
In all cases, the objective during pregnancy is to maintain hemoglobin above 10.5 g/dl, in line with 
the data obtained in women with thalassemia.  
Chelating agents are contraindicated during pregnancy and this should ideally be anticipated, with 
a prior period of chelation intensification.  
Ultrasound monitoring must be vigilant for risks of: 

- fetal damage:  
- screening for severe malformations by morphological fetal ultrasound 
- screening for severe fetal anemia with hydrops fetalis (very rare in DBA but possible and 

underestimated), which may require in utero transfusions. 
- a CBC with a reticulocyte count and a genetic test carried out on cord blood or even on a 

fetal blood sample before transfusion are justified. 
- maternal complications of the vasculo-placental type 

 
The level of iron overload should be re-evaluated at the end of pregnancy to discuss how to resume 
chelation. 
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Annex 10: SAMD9 & SAMD9L syndrome  
 

 
This is an entity of aplastic anemia of inherited origin identified in 2016 (Chen & al, Am J human 
Genet 2016, Narumi & al, Nat Genet 2016): knowledge about this syndrome remains limited to 
date, particularly for data on long-term follow-up.  
 
 
 
EPIDEMIOLOGY  
 
Epidemiological data are limited, but this is a non-exceptional IBMF, especially for forms in young 
children (before 5 years of age). In the CRMR study, SAMD9/SAMD9L mutations accounted for 
9% of patients in a cohort of 179 patients composed mostly of children (median age: 11 years; age 
<2 years: 21%) presenting with aplasia that appeared to be inherited (Fanconi disease and other 
classic forms of IBMF excluded). This proportion rises to 18% if we consider only the cases (48% 
of the cohort) for which a genetic origin is confirmed (Bluteau & al, Blood 2018). In the EWOG and 
Saint Jude study, these cases represent 8% of a cohort of 669 patients classified as 
“myelodysplastic syndromes in children” (Sahoo & al, Nat Med 2021). It should be noted that a 
significant proportion of undiagnosed cases (pancytopenia that resolves rapidly) cannot be ruled 
out. 
Transmission is autosomal dominant and all ethnic groups are, a priori, affected. 

 
GENETICS  

 
Two genes are  involved: SAMD9 and SAMD9L. They are juxtaposed gene on long arm of 
chromosome 7 (7q21.2). The functions of the proteins encoded by these genes remain poorly 
understood. They have been linked to inflammation, antiviral responses, organogenesis and tumor 
suppressionFinally, at the cellular level, they are involved in endosomal fusion and protein 
translation. Transmission is autosomal dominant and the mutations reported are monoallelic gain 
of function mutations.  
In this syndrome, a high proportion of events have been reported to enable "somatic genetic 
rescue", i.e. correction of aplasia through the emergence of clones carrying monosomy 7, somatic 
mutations of the gene in question (correcting or attenuating the effect of the germline mutation) or 
uniparental disomy of the “wild-type” allele. It should be noted that mutations of these genes have 
been described as associated with other phenotypes: 
- Normophosphatemic familial tumoral calcinosis: "loss-of-function" and bi-allelic germinal of 

SAMD9 mutations 
- Auto-inflammatory disease with excessive interferon-type response: acquired "gain-of-function" 

of SAMD9L mutations 
 
CLINICAL MANIFESTATIONS  
 
Initially 2 distinct clinical syndromes were reported: ataxia-aplasia syndrome (linked to SAMD9L 
mutations) and MIRAGE syndrome (linked to SAMD9 mutations); MIRAGE is an acronym for the 
main elements of the phenotype: Myelodysplasia, Infections, Restriction of growth, Adrenal 
hypoplasia, Genital phenotype and Enteropathy (Chen & al, Am J human Genet 2016, Narumi & 
al, Nat Genet 2016).  
With the increase in the number of cases identified, it has become evident that these initial 
descriptions of 2 different entities do not reflect clinical reality; it is not accepted today that any of 
these clinical signs is specific to a given gene, and we prefer to talk about SAMD9/SAMD9L 
syndrome. Clinical expression remains very heterogeneous and some patients do not have an 
extra-hematological phenotype when diagnosed with aplastic anemia  (although it may be revealed 
by thorough examinations or appear over time), while other patients have had a clinical picture 
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initially dominated by extra-hematological damage, sometimes very severe or even leading to early 
death (MIRAGE syndrome).  
The exact extent of the extra-hematological phenotype remains to be defined; the predominant  
extra-hematological features are reported below. 
 

Organ & location Clinical signs 

Morphotype and growth - intrauterine growth retardation 
- short stature 

 

Endocrine system - Adrenal hypoplasia and adrenal insufficiency 
 

Genital system - Hypogonadism 
 

Lungs - Alveolar proteinosis 
 

Gastrointestinal - Enteropathy with chronic diarrhea and 
malabsorption 
 

Central nervous system - Ataxia (which may only appear in adulthood 
or in the elderly) 
- White matter abnormalities on MRI (children) 

 
Hematological features are hypoplasia or aplastic anemia  with a risk of clonal evolution. 
The clinical and hematological features of aplastic anemia in children that may suggest 
SAMD9/SAMD9L syndrome are: 
- Family history 
- Young age (< 5 years), although a later revelation is possible 
- No history of neonatal thrombocytopenia (which would suggest amegakaryocytosis),  of  

severe phenotype of  of the Hoyeraal-Hreidarsson syndrome (which would suggest 
telomeropathy) or of MECOM syndrome, i.e. the other 3 IBMFs entities that can be seen in 
small children 

- A relatively acute onset (whereas it is a progressive onset that typically suggests a inherited 
form), sometimes in the course of an infectious episode or a vaccination 

- Presence of a monosomy 7 from the diagnosis 
- Quick and spontaneous improvement of cytopenia 
 
DIAGNOSIS 
 
As in all IBMFs, HbF can be abnormally elevated at diagnosis. 
The bone marrow aspirate will suggest aplastic anemia or medullary hypoplasia; 
dysmegakaryopoiesis typical of monosomy 7 may be present. An OMB may be indicated to confirm 
hypocellular marrow, although it is not systematically performed, particularly in small children, in 
whom this procedure is performed under general anesthesia.  
The presence of a monosomy 7 in the medullary karyotype may suggest these syndromes, and 
FISH must also be carried out to look for this. The medullary karyotype can also reveal the presence 
of other clonal abnormalities, and this should then raise concerns about progression to leukemia. 
This risk should be specified by means of “myeloid” NGS to look for acquired mutations of genes 
involved in MDS and AML. 
Genetic diagnosis, most often done by NGS, will identify the presence of a “gain-of-function” 
mutation of the SAMD9 or SAMD9L gene. It should be noted that the reported mutations are often 
classified as “variant of unknown significance” (class 3 according to the nomenclature of the ACMG) 
and can be difficult to interpret. NGS on the blood can also reveal the presence of acquired 
mutations of the same gene, suggesting the establishment of a somatic genetic rescue 
phenomenon (these mutations are most often in cis). The mutation can be completely lost in the 
blood (mononuclear cells) via monosomy 7 or acquired uniparental isodisomy, which then requires 
analysis on non-hematopoietic cells such as skin fibroblasts. 
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Finally, a family investigation must be carried out. It can identify a suggestive phenotype in the 
carrier parent or a member of their lineage. The genetic test can also identify pauci-clonal 
hematopoiesis in the carrier parent, attesting that they have had aplastic anemia (whether identified 
as such or not) and that they have “corrected” their hematopoiesis. Here too, the germinal mutation 
of a carrier parent can go unnoticed because of a complete correction by acquired uniparental 
isodisomy, which can lead to the erroneous belief that the index case mutation is de novo. 
 
FOLLOW-UP AND THERAPEUTIC MANAGEMENT  
 
Care must be multidisciplinary, although there are no established recommendations for the 
moment.  
 
I - Follow-up and management of hematological aspects  

 
The possibility of spontaneous correction of aplastic anemia makes this entity a very specific 
situation. The same is true of the frequency of monosomy 7, which is typically a poor prognostic 
factor, indicating an emergency allograft, and which here can be seen as a favorable event, 
allowing correction of hematopoiesis for a time. 
The situation is further complicated by the absence of: 

- Accurate data about the proportion of patients who will "correct" their hematopoiesis 
- Criteria to predict development, either toward complete correction of medullary impairment 
(with loss of monosomy 7) or toward progression to leukemia. 

Management of these patients should therefore be discussed at the MTM. 
The key elements for deciding on the therapeutic strategy are: 

- The monitoring of blood counts (once a week or more according to clinical signs in a patient 
transfused with platelets to once a month in a patient with moderate pancytopenia): evidence of 
an improvement or not in the counts. Improvement can be "paroxysmal" very soon after 
diagnosis or much more progressive. It can be complete (normal FBC) or partial (persistence of 
moderate cytopenias). 
- Cytological analysis of the bone marrow smear (once every 3 months in case of monosomy 
7): worsening of myelodysplastic aspects, appearance of blasts; the opinion of an expert 
cytologist can be requested from the hematologists at the CRMR. 
- Monitoring of medullary karyotype: appearance of other chromosomal abnormalities known to 
be associated with leukemic progression. 
- Molecular monitoring in two respects: 

 Search for adverse elements: appearance of somatic mutations of genes known to 
be involved in leukemic progression 
 Search for favorable elements: appearance of somatic mutations of SAMD9 or 
SAMD9L suggesting genetic correction (several different clones can be identified and 
will be quantified and monitored). 

In all cases, the search for a family or unrelated donor must be initiated in principle in order to 
anticipate a potential indication for transplantation 
 
Depending on the evolution, 3 situations can be distinguished: 
1) Rapid impression of counts improving in the FBC: the patient can then be monitored regularly 

according to the methods described above. It should be noted that this improvement can be 
very gradual and is not always complete. Monosomy 7 in particular can persist for more than 
a year. 

 
 
The "reassuring" elements here include: 
 - Continuous improvement of FBC 
 - The absence of other chromosomal abnormalities and, after a certain time, the progressive 

decrease of monosomy 7 (to be quantified in FISH) 
 - The absence of abnormalities of myeloid genes in NGS and the appearance of “revertant” 

clones with increasing VAF 
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In case of normalization of the blood count and disappearance of monosomy 7, we propose (subject 
to data, which are still limited) monitoring including a blood count every 3 months and a bone 
marrow check every 12 to 18 months. 

 
2)  Presence of elements suggesting leukemic transformation: indication for allograft 
 
3) Intermediate situation: no obvious correction but no worrying elements either. Again, there are 

no data currently available to specify the proportion of patients who will actually experience a 
“genetic rescue” or to determine a reasonable “wait time”. The indication for a transplant should 
then be discussed at the MTM, especially if pancytopenia is severe requiring  transfusions, 
and with risk of severe infections. 

 
Allogeneic hematopoietic stem cell transplantation  
HSC allograft is the only cure for aplastic anemia in the absence of spontaneous correction and 
also the only treatment for a characterized pre-leukemic condition.   
When selecting a geno-identical sibling donor, it must be ensured that the donor is not a carrier of 
the mutation, bearing in mind that normal FBCs are not sufficient to provide reassurance and that 
genetic research must systematically be conducted; in case of doubt in an emergency, the 
preference for a 10/10 pheno-identical donor can be discussed. 
 
The prognosis for these grafts seems standard, other than for children with severe extra-
hematological involvement (MIRAGE syndrome). There are no reports of any particular sensitivity 
to graft conditioning or of any particular risk of GvHD. 
 
Methods of transplant:  
Few data are currently available in the literature to issue strong recommendations regarding 
transplantation. 
Nevertheless, the following should be remembered: 
- A definite indication for transplantation when there are karyotypic abnormalities or clonal events 

arise in addition to monosomy 7, or increasing signs of myelodysplasia in the bone marrow 
and/or transfusion dependence 

- The use of standard or even reduced toxicity myeloablative conditioning : 
 Weight-based Busulfan in accordance with the summary of product characteristics (in 

combination with pharmacokinetics with standard AUC targets of 900–1350 µMolxmin) in 
4 days from D-5 to D-2, fludarabine 40 mg/m2 daily x 4 days from D-6 to D-3 and 
serotherapy.  

 Or thiotepa 8 mg/m2 on D-7, treosulfan 14 g/m2 daily from D-6 to D-4, fludarabine 40 mg/m2 
daily from D-6 to D-3 and serotherapy. It should be noted that this conditioning, proposed 
by the German EWOG-MDS group, does not provide for the adaptation of doses of 
treosulfan according to the body surface area (BSA), which is not in accordance with the 
summary of product characteristics, which states that the dose is 10 g/m2 daily for children 
with a BSA of less than 0.4 m2, 12 g/m2 daily for children with a BSA between 0.4 and 1 m2 
and 14 g/m2 daily for patients with a BSA greater than 1 m2. It should be noted that 
treosulfan currently has no marketing authorization for the the treatment of non-malignant 
pathologies in pediatrics. 

- There is no reason to use total body irradiation 
- The existence of severe comorbidities, particularly in patients with MIRAGE syndrome or 

prolonged severe aplasia without any sign of myelodysplasia, may prompt discussion of the 
use of reduced intensity conditioning at the national MTM. 

- Prophylaxis for graft versus host disease is standard, based on a calcineurin inhibitor 
combined with "short" methotrexate or mycophenolate mofetil when using a cord blood. 

- The preferred cellular source is bone marrow (to reduce the risk of chronic extensive GvHD). 
- The use of an alternative donor (non-related voluntary donor of HLA compatibility <10/10 or 

haplo-identical donor) should be discussed at the aplasia MTM, especially in case of 
myelodysplastic syndrome or exacerbation or prolonged severe aplastic anemia  without 
tendency to correction.  
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Hematologic supportive care  
Complementary care will be the same as for any aplasia. Transfusion support will be adapted to 
the FBC and, as with all IBMFs, transfusions will be used sparingly to avoid allo-immunization. 
Hematopoietic growth factors have no role in the correction of cytopenias but can be used 
occasionally, especially G-CSF, which can be prescribed in case of severe infection. The role of 
TPO-RAs has not been established, which means that they cannot be recommended. 
 
II - Follow-up and management of extra-hematological aspects (excluding post-allograft 
complications)  
 
The extent of the extra-hematological phenotype has yet to be described. The search for organ 
damage must be systematic, at least for the most common types and for those types that may 
have an impact on the development of the child.  
A diagnostic assessment should be based on the clinical findings and should include, at a minimum: 

• An abdomino-pelvic ultrasound (search for adrenal hypoplasia in particular, but low diagnostic 
value of ultrasound) 

• An echocardiography (rare cardiac malformations have been described, although it has not 
been confirmed to date that they are part of the phenotype) 

• An endocrine assessment (search for adrenal insufficiency to be done in case of  suspicion of 
SAMD9 & SAMD9L syndrome because of the risk of acute adrenal insufficiency) 

• A neurological and neurosensory assessment with neurological evaluation and brain MRI 
• An assessment by a psychologist 

 
The management of initial disorders will be ensured by organ specialists. It should anticipate the 
development of bone marrow failure; in particular, if surgical interventions are necessary it is logical 
to perform them before the occurrence of severe thrombocytopenia. 
  
The follow-up of these patients is most often multidisciplinary and will involve pediatricians and 
doctors for adults from different specialties as well as members of paramedical professions.  
At pediatric age, this follow-up is dominated by the management of the most severe extra-
hematological disorders: enteropathy (which may require parenteral nutrition), hypogonadism, 
adrenal insufficiency, growth and neurosensory and developmental aspects.  
Few data are available for adult patients; neurological follow-up is still necessary (possible late 
development of ataxia or pseudo-parkinsonian syndrome). There does not appear to be, based on 
the current state of knowledge, a risk of MDS/AML in adulthood or an increased risk of solid tumors. 
On the other hand, hypogammaglobulinemia may develop and should be managed according to 
the recommendations available for common variable immunodeficiencies. 
These patients should be monitored throughout their lives, including non-allograft patients. 
 

a) Sensory and neurological disorders, psychomotor development 
Patients with SAMD9/SAMD9L syndrome may have different types of neurological damage:  

- Ataxia syndrome (with cerebellar hypotrophy) or pseudo-parkinsonian syndrome  
- Spinocerebellar ataxia 
- White matter disorders that may be associated with developmental abnormalities. 

This requires an evaluation and systematic neurological follow-up in children and adults (possible 
late development of ataxia or pseudo-parkinsonian syndrome). 
 
       b) Endocrinological and gastroenterological monitoring, including monitoring of growth and 
puberty 
SAMD9/SAMD9L patients are at risk of small stature in adulthood. The causes are potentially 
multiple: 

- Related to the disease (small stature due to syndrome), associated with IUGR 
- Chronic anemia (rare situation here) 
- Sequelae of therapies received (corticosteroids, graft conditioning) 

They may also have adrenal insufficiency related to adrenal hypoplasia. 
Pubertal delays are possible; screening will need to be carried out for these, and management with 
hormone replacement therapy may be necessary. Growth hormone therapy may be indicated. 
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This requires systematic follow-up by a pediatric endocrinologist.  
Children may develop enteropathy, which may require parenteral nutrition. 
 

c) Solid cancers  
A “spontaneous” increased risk of solid tumors has not been reported to date in these patients.  
However, this may exist for allograft patients. 
In general, there may be concerns that these patients could have a reduced bone marrow reserve 
(pauci-clonal hematopoiesis or grafted patient) and poor hematological tolerance to chemotherapy. 
 

d) Immunological monitoring 
Like all non-transplanted IBMF patients, these patients are at risk of developing a predominantly 
B immune deficiency in adulthood, although few data are currently available.  
This requires annual monitoring of immunoglobulin levels (IgG, IgA, IgM). 
 

e) Reproduction and pregnancy 

These patients may have hypogonadism and reduced fertility, especially if there are urogenital 
malformations and a risk of sequelae induced by bone marrow allograft.  
Patients should be able to have consultations in a fertility center. 
 

f)  Genetic monitoring 

1. Genetic diagnosis   
 
A genetic diagnosis makes it possible to confirm the diagnosis, to check if one of the 2 parents is 
a carrier and thus specify the risk of recurrence in the family, to detect a still-silent form in a sibling 
as part of the donor search, and to offer a prenatal diagnosis (PND) or pre-implantation diagnosis 
(PID) in the event of a desire for a new child.  
 
2. Genetic counseling   
 
This can be offered to all parents and adult patients if they wish. It is essential if parents wish to 
have another child by assisted reproduction. This assumes that the mutation has been identified 
and confirmed as pathological and that it allows an analysis of DNA extracted from a single embryo 
cell. The practice of selecting a non-affected embryo that is HLA-identical to a sick sibling (double 
selection) is no longer used in France.
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Annex 11: iron chelation  

 
1- Screening and indication 

 
Screening for secondary hemochromatosis 

Determination of serum ferritin and transferrin saturation coefficient every 3 months 
Just before a transfusion, if possible on an empty stomach 
 

Chelation if ferritin >500 µg/L 
 
In the event of high overload (serum ferritin >1000 µg/l): MRI measurement of intrahepatic and 
intracardiac iron concentration. 
 
Refer to Annex 9 “Diamond Blackfan anemia” for chelation in this disease. 
 

2- Chelating drugs 
 
There is no optimal chelating agent: each of them exposes patients to prescription difficulties or 
toxicity.  
Monitoring renal function and CBC. 
In case of renal toxicity in a patient taking ciclosporin, immunosuppressive therapy has priority. 
 

Medications Problems posed in aplasia 

Deferoxamine - Desféral® 
Subcutaneous administration (in practice 
tolerable with "pin-type" needles) 
Risk of infection: Mucor, Yersinia enterolytica  

Deferasirox - Exjade® 

Major renal toxicity in combination with 
ciclosporin 
Rare cases of medullary toxicity 
Hepatic toxicity 

Deferiprone - Ferriprox® 
Risk of agranulocytosis and neutropenia, or 
even Aplastic anemia  in the case of 
predisposition 

 
Deferoxamine (Desféral®):  
40 to 60 mg/kg per day subcutaneously over 8 to 12 hours (ideally 12 hours), 5 days out of 7 for 
better patient adherence.  
Requires a home health provider to provide the pump or infuser. The subcutaneous infusions can 
be placed by a nurse or the patient themselves. 
In pediatrics: only chelator available before 2 years. Maximum dose of 30 mg/kg daily for up to 
3 years.  
 
Deferasirox (Exjade®): 
14 to 28 mg/kg once daily 
In children over 2 years of age and in adults 
 
Deferiprone (Ferriprox®): 
25 mg/kg 3 times daily 
 
 

3- Choice of chelating agents 

There are no validated recommendations for the choice of medication.  
 
Deferoxamine (Desféral®) is proposed as a first-line treatment in patients with AA or on CSA.. 
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Deferiprone (Ferriprox®) should be avoided in the context of aplasia. 
 
In case of major overload, a combination of chelating agents is possible, for example in the pre-
transplant period to minimize iron overload. 
 

4- Indication for phlebotomies 
 
Patients in remission of their aplasia or in post-allograft. 
Good efficacy and no side effects.  
 
10 to 20 ml/kg/phlebotomy (maximum 400–500 ml) every 15 days 
Volume and frequency to be adapted to clinical tolerance. 
 
CBC at each phlebotomy with hemoglobin maintained >10 g/dl. 
 
Possibility of using a health provider to carry out phlebotomies at home, after carrying it out in a 
hospital setting the first time. 
 
The total number of phlebotomies is determined by monitoring the iron balance and iron overload, 
evaluated by hepatic and cardiac MRI. 
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Annex 12: Proprietary drugs used outside their indications or conditions for 

off-label use - Procedures, products or services not reimbursed at 100% by 

health insurance  
 

 Proprietary drugs used outside their indications or conditions for off-label use  
 

Proprietary drugs Possible temporary 
authorization for use 
Early access authorization 
(EAA) 

Indications 
Refer to therapeutic algorithms 

ATGAM® (horse ATG) EAA Acquired AA 

CAMPATH® 
(Anti-CD52 monoclonal Ab) 

Temporary authorization for 
use in cohort study 

Acquired AA 

DANATROL® (Danazol) - Aquired AA 
IBMF 

ASPAVELI® (pegcetacoplan) EAA PNH  

TRECONDI (treosulfan) - Transplant conditioning  

 
 Procedures, products or services not reimbursed by health insurance (at 100%) 

Fanconi's disease  
Dental care:   
Recommended product: Mouth guard 
Management of specific learning disorders: 
1. Psychomotor education for preschool children (<6 years) 

- Implement a left-to-right and top-to-bottom search strategy (reading type) using cross-
reference exercises (such as Ortho edition's "Watch my eyes") 

- Strengthen visuo-constructive capabilities through complex figure reproduction games (such 
as Ortho edition's "COMPOX") and the manipulation of construction objects (cube games, 
Tangrams, puzzles, etc.) with a construction strategy that goes from the most general to the 
smallest detail 

- Consolidate praxic abilities (through gestural imitation games), manual dexterity and visuo-
motor coordination (exercises such as labyrinth games, coloring, mandalas, etc.)  

- Develop prerequisites for handwriting skills 
- Work on tonico-emotional regulation 

 

2. Occupational therapy for school-age children (>6 years) 

- Evaluate fine motor skills and graphomotor skills 
- Improve/adapt the hold of the pencil 
- Improve the fluidity of graphomotor movements 
- Offer material aids if necessary to help children get used to IT tools with a view to integrating 

them into the classroom 
 

 
 
 
 

Recognition of specific learning disorders with the teaching team (1) or with the MDPH (2): 

(2) For simple adjustments, a simple Personalized Welcome Project may suffice: the PWP is a 
simple mechanism for organizing adjustments to the schooling of children suffering from Learning 
Disabilities: it is circular no. 2003–135 of 8–9–2003 (insert in the B.O. of 18–9–2003) on the 
reception of children and adolescents suffering from health disorders evolving over a long period 
in public and private educational establishments under contract to the primary and secondary 
levels. 
This PWP is a contract that must be signed by the school doctor, head teacher and the child’s 
family (as well as members of the educational team). 
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(2) The Personalized Schooling Project is developed by the educational team in collaboration 
with parents and must be validated by the Commission on the Rights and Autonomy of Persons 
with Disabilities (CDAPH), based at the Departmental Center for Disabled People (MDPH). This 
project makes it possible to report on the severity of the repercussions of the learning disorders 
identified, requiring the implementation of human assistance (AVS-I) or material aids (integration 
of IT tools in the classroom).  
In addition to specific measures that schools can take to accommodate children and 
recommendations for accommodative measures in schools, the MDPH file allows also to plan for 
a possible educational orientation, to lead to recognition of the degree of disability and to financial 
compensation to cover disability-related expenses, etc. The child's doctor fills out the medical 
certificate for this purpose, which must be attached to the MDPH file completed by the family.  

 

3. Depending on the learning difficulties identified in children treated for Fanconi anemia, examples 

of recommended accommodative measures that schools can take are: 

 

 Attentional fatigue/psychomotor agitation 
 

- Placing the student in the first row, away from any distraction (door, window) and near the adult, 
if possible alone or next to a quiet classmate 

- Setting up tutoring. Another student helping them repeat an instruction and return to the task 
- Splitting long tasks into short steps 
- Planning times when the student can move without disturbing others (distributing notebooks, 

cleaning the board, etc.) 
- Avoiding withdrawals from recess, as children need them for exercise 
- Because of their tiredness and inattention, students make more careless mistakes. It is therefore 

important to teach them to re-read their work systematically 

 
 Graphomotor disorders 

 
- Introducing a one-third time slot for carrying out checks, to take account of students' slowness 

and fatigue. In other words, focusing on the quality of work over the quantity 

- During assessments, implement either: 
 one third extra time 
 one third fewer exercises 
 multiplication of the mark by 1.33  

- Encouraging the use of pencil adapters (also called writing guides) to make it easier to handle 
the writing tool. On a daily basis, it is also advisable to use pens that predefine the location of 
the fingers (e.g. “Velocity” by Bic or “Griffix” by Pelikan) or architect’s pens (by Gibert or 
Graphigro) that slide easily and have a very solid tip 

- Avoiding copying and writing in large quantities 
- Whenever possible, asking to present knowledge orally, or proposing the completion of gap-fill 

and/or multiple-choice texts. 

- If the goal is to promote speed, accepting a less accurate product. Allowing the student to type 
documents for homework assignments 

 
If necessary, using a computer:  
 
- Allow the use of a computer tool during lessons and in all national exams, once the preparatory 

sessions have been carried out in occupational therapy. The computer may have the following 
software:  

• Microsoft Office Word  
• And if necessary, Dragon Naturally Speaking (voice recognition)  
• Using a sliding ruler to easily copy a document (classmate’s lesson, etc.) 



 

 
86 

Annex 13: Practical sheets for the management of Aplastic anemia   
Sheets are available on the website of the Reference Center for Aplastic anemia   
(section for professionals)  

Annex 13a: interviewing and clinical examination in Aplastic anemia   

 
Physician’s name:  
Date: 

INTERVIEW Y/N Comments 

Personal or family history suggesting 
IBMF   

Hemorrhagic syndrome   

Cytopenias, leukemia, myelodysplasia    

Cancer at an early age    

Skin and skin appendages, premature 
canities 

  

Opportunistic infections   

Pulmonary fibrosis    

Liver    

Unexplained early deaths   

Personal history suggesting IBMF 
  

Congenital malformations: Bone, heart, 
urogenital organs, etc. (Fanconi, BDA) 

  

IUGR (Fanconi, BDA, Shwachman)   

Chronic diarrhea, abdominal pain 
(Shwachman) 

  

Abnormal FBCs for more than 6 months   

Thrombosis (GATA2)   

Suggesting an acquired form   

Recent episode of jaundice or hepatitis   

CBC normal for <6 months   

Hemoglobinuria, abdominal pain, 
dysphagia, thrombosis, erectile 
dysfunction (PNH) 

  

Drugs (see PNDS Table 1)   

patient 
label 
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CLINICAL EXAMINATION Y/N Comments 

Height-weight retardation (Fanconi, 
BDA, Shwachman) 

  

Facial dysmorphia (Fanconi, BDA)   

Malformations (Fanconi, BDA)   

Café-au-lait spots (Fanconi)   

Pigmentation, nail abnormalities, 
canities, oral leukoplakia 
(telomeropathies) 

  

Hepatosplenomegaly (telomeropathy: 
portal hypertension) 

  

Respiratory involvement 
(telomeropathies, GATA2) 

  

Lymphedema, warts, condylomas 
(GATA2) 

  

Deafness (GATA2)   

Radius abnormalities (TAR)   

 

Annex 13b: Evaluation of Aplastic anemia  at diagnosis 

 
Additional examinations recommended for the diagnosis of Aplastic anemia  
 

For all patients: 

□ CBC + blood smear + reticulocytes 

□ Bone marrow differential cell count + medullary karyotype + FISH cen(7) 

□ Bone marrow  biopsy 

□ Emergency HLA typing of the patient if age <60 years (and siblings if age of the recipient 

<40 years) 

□ T B NK lymphocyte phenotype (in immunology)  

□ Electrophoresis of proteins in adults and IgG, IgA, IgM weight assay 

□ Search for a PNH clone  

□ Hemoglobin electrophoresis (or HbF assay) before transfusion, if possible 

□ Alpha fetoprotein  

□ Anti-nuclear and anti-DNA antibodies 

□ Abdominal ultrasound (renal ++) 

□ Echocardiogram 

□ Blood electrolytes, urea, creatinine 

patient 
label 
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□ Blood calcium, phosphorus, magnesium 

□ Complete liver function tests 

□ Complete hemostasis 

□ Chest X-ray F+P  

□ HIV 1+2, hepatitis B and C, HTLV1, EBV, CMV serologies. 

 

Depending on the context (see algorithm): 

□ Inherited blood karyotype with search for spontaneous chromosomal breaks and after MMC  

□ FANCD2 & NGS blood and fibroblasts test (skin biopsy)  

□ Telomere length study in patients under 60 years of age (Dr. E. Lainey, Laboratory of 

Hematology, Hôpital Robert Debré, Paris) on appointment, Monday and Tuesday 

□ Systematically associated search for mutations in telomeropathies (Prof. C. 

Kannengiesser, Molecular Genetics at Hôpital Bichat) 

□ Measurement of erythrocyte adenosine deaminase (eADA) activity (Dr. S. Sanquer, 

Biochemistry Laboratory, Hôpital Necker, Paris) 

□ Search for Diamond Blackfan anemia mutations (Prof. L. Da Costa, Laboratory of 

Hematology, Hôpital Robert Debré, Paris) 

□ X-rays of the bones of the forearms and hands 

□ CT scan of the chest to look for thymoma in adults 
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