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IBMFs

A landscape of germ line mutations in a cohort of inherited bone marrow failure patients

Olivier Bluteau, Blood, 2018 

Group of rare 
diseases
dominated by 
Fanconi's
disease, BDA, 
SBDS, 
telomeroptahy

Progress in 
genetics: more 
and more entities
reported



IBMFs: presentation in paediatrics

• Presentation

• Haematological disease may initially present as isolated cytopenia

• Increased risk of MDS/LA(M)

• With or without associated abnormalities

• IUGR/PSR ± microcephaly

• Malformations (thumbs & hands, kidneys, etc.) & organ damage: 
pancreas, cerebellum, lungs, liver, skin & appendages…

• Therapeutic treatment: HSCT



A landscape of germline mutations in a cohort
of inherited BMF patients

Systematic studies in patients with constitutional aplastic anemia likely to be constitutional

NB: FA was systematically excluded as were patients with identified classic IBMF like 

telomeropathies or other

N = 179 pts 

Median age at evaluation: 11 years

DNA extracted from fibroblastes +++

Whole exome sequencing

Group 1:  germinal variant identified :  86 pts (48%)  10 pts with SAMD9L 

Group 2: mutations  VUS

Group 3: no variant  6 pts with SAMD9 mutations

Bluteau & al, Blood 2018
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CAMT: Congenital Amegakaryocytic
thrombocytopenia

• Often severe thrombocytopenia
(<50,000 at birth)

• Normal platelet size
• BM: reduction or absence of 

megakaryocytes in the bone
marrow

• Elevated TPO assay (X10/X50) (no 
clinical correlation with disease
severity)

• No phenotypic abnormalities
• Mutation of the thrombopoietin

receptor gene, c-Mpl (identified in 
2/3 of cases, genetic
heterogeneity)

Designations, delineations, and overlap
between disease groups related to 

CAMT. 

M. Germeshausen and M. Ballmaier Best 
Practice & Research Clinical Haematology 34 

(2021) 



CAMT: Congenital Amegakaryocytic
thrombocytopenia

• Progression to bone marrow failure in the first 10 years of life

• Low risk of transformation compared with other IBMFS
• One patient with ALL (Steinberg, J Pediatr Hematol Oncol, 2007) 

• 3 patients with cytogenetic abnormalities (trisomy 8 or monosomy 7)

• Without treatment, 50% died at 6 years (Alter, Hematology of Infancy
and Childhood, 1993)



CAMT: Congenital Amegakaryocytic
thrombocytopenia

BMT 2024

Retrospective multicentre

study by the EBMT's 

Pediatric Disease Working 

Party (PDWP) 

66 patients 

25 centers

Received a first allogeneic 

HSC transplant for CAMT

Age<18 years

Between 1998 and 2020



CAMT: Congenital Amegakaryocytic
thrombocytopenia

• Median age at diagnosis: 1.3 years

• Mutation identified in 18 patients 
absent in 7 patients 
No data for 40 patients

• Median platelet count at diagnosis
16,000

• Median age at transplant: 3.2 
years 

• BM 59%  PB (27%) CB(12%)

• MSD 34.8%  MUD 22.7%, 

• MAC 86%

• RIC 16%



CAMT: Congenital Amegakaryocytic
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CIBMTR

86 patients



CAMT: TAKE HOME MESSAGE

• Diagnostic difficulties

• BM>CB 

• High risk of Graft failure

• HSCT MAC

• Haploidentical transplants?
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MECOM

• Heterozygous mutations in MECOM 

• Affected different functional

domains of the EVI1 protein

• Familial and sporadic cases

• Clinical presentation

• Radioulnar synostosis

• Bone marrow failure

• +/-clinodactyly, cardiac and renal malformations, B-cell deficiency, and 
presenile hearing loss. 

RUSART



MECOM Phenotype and Treatment

1st series of 12 pts

• 10/12 pts allografted with MUD

• Familial and sporadic patients

• With germline mutation in the MECOM, 

• Clinical spectrum ranged from isolated RUS with or without mild
hematological abnormalities to severe IBMFS without evident skeletal
abnormalities

Blood Advances, 2018 (Germeshausen and 

al) 



Bluteau & al, Blood 2018

N = 6 pts



MECOM HSCT with RIC?

6 pts MECOM+
Age at HSCT 5-18 months
RIC regimen comprised:

-FLU
-alkylating
-low-dose rATG

3 pts aGVHD>II
No cGVH

No low-dose irradiation (if the patient is not at high 
risk of rejection) to prevent the risks of short 

stature and secondary malignancy. 

International Journal of Hematology

(2023) 



MECOM : take home messages

• Variable hematological phenotype: from isolated
thrombocytopenia to severe hematological failure

• Variable extra-hematological phenotype: radio-ulnar synostosis to 
multiple squeltic malformations or other organs.

• Severe forms

• CDT and donor?
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Severe microcephaly
Congenital bone marrow failure
Growth retardation
Renal hypoplasia

Alterations in the mitose BJH,2022
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DNA JC 21

• Average age of onset for BMF is two years (0 to 15 years, n=19) 

• Phenotype:

-Skin hypopigmentation

-Dental and retinal abnormalities

-Growth delay and/or short stature 

-Developmental delay and/or neurological abnormalitie

-Exocrine pancreatic dysfunction

• AML developed in two patients 

• CDT and donor?

Shwachman-Diamond syndrome-like disorder
with telomeropathy aspects 

Frontiers in Oncology, 2023
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DNA ligase 4

• Role in the repair of DNA double- strand breaks 

• Autosomal recessive disorder

• 86 cases have been reported with heterogenous phenotypes (Staines et al)

• Microcephaly

• Delayed growth and development, 

• Skin abnormalities including photosensitivity and psoriaform lesions

• Pancytopenia. 

• Immune deficiency.

• Malignant disease



DNA ligase 4: Description

Front Pediatr. 2018

10/41 malignant disease or  solids cancers

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348249/


DNA ligase 4: HSCT

15 reported cases of LIG4 syndrome that underwent HSCT 

• seven cases survived

• causes of death

• 3 patients : fungal infections 

• 1 patient: Epstein-Barr virus-related lymphoproliferative syndrome 

• 1 patient: viral infection

• 1 patient: MAT

Transplant Immunology (2023) 



DNA ligase 4: Take home messages

• Heterogenous phenoytpe

• Radiosensitivity

• Hematologic complications: malignant disease

• Infectious complications 

• Treatment: RIC HSCT
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ERCC6L2

• ERCC6L2 encodes a DNA repair protein

• Phenotype:
• Mild and fluctuating cytopenias with bone marrow hypoplasia. 

• Patients develop clonal hematopoiesis with somatic mutations in TP53, 

• +/- developmental delay and microcephaly

• Median age 18 years (range 6-65 years old) 



Bluteau & al, Blood 2018

Only 1 pt/7 with
microcephalia

HSCT: only 3/7
(AYA pts)

1/7 AML (age 43)

N = 7 



ERCC6L2: take-home messages

• BMF with microcephaly + developmental delay ± ataxia

• Neurological phenotype may be absent

• Leukemia predisposing syndrome

• Treatment HSCT before clonal evolution



Conclusion Rare IBMFs

• Difficulty diagnostic

• Difficulty therapeutic

• Only curatif treatment: HCST

• Modality? Cdt? Donor selection? 
• Indications and modality of treatment should be discussed at an expert meeting. 

(RCP national)

• Gene therapy?



MERCI


