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• Initial diagnosis

• Etiology

– Idiopathic aplastic anemia

– Fanconi anemia, Dyskeratosis congenita

• Management

> Who should be screened for germline mutation at 
diagnosis?

Idiopathic versus inherited aplastic anemia

Agenda



Diagnosis

- Pancytopenia

– Macrocytosis is common

– Lymphocytes count is usually preserved (!)

– Isolated cytopenia at early stage (thrombocytopenia) 
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- Pancytopenia

– Macrocytosis is common

– Lymphocytes count is usually preserved

– Isolated cytopenia at early stage (thrombocytopenia) 

- Bone marrow aspiration 

– No abnormal cells

- Bone marrow biopsy (diagnosis)

– Cellularity <30%

– Dyserythropoiesis (usual)

– Mast cells, lymphoid hyperplasia, plasma cells, macrophages (!)
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the intermediates may be genetically determined and apparent only 

on specific drug challenge; the complexity and specificity of the 

pathways imply multiple susceptibility loci and would provide an 

explanation for the rarity of idiosyncratic drug reactions.

Immune-mediated injury

The recovery of marrow function in some patients prepared for 

bone marrow transplantation with antilymphocyte globulin (ALO) 

first suggested that aplastic anemia might be immune mediated. 

Consistent with this hypothesis was the frequent failure of simple 

bone marrow transplantation from a syngeneic twin, without con-

ditioning cytotoxic chemotherapy, which also argued both against 

simple stem cell absence as the cause and for the presence of a 

host factor producing marrow failure. Laboratory data support an 

important role for the immune system in aplastic anemia. Blood and 

bone marrow cells of patients can suppress normal hematopoietic 

progenitor cell growth, and removal of T cells from aplastic anemia 

bone marrow improves colony formation in vitro. Increased num-

bers of activated cytotoxic T cell clones are observed in aplastic ane-

mia patients and usually decline with successful immunosuppressive 

therapy; cytokine measurements show a T
H
1 immune response 

[interferon g (IFN g) and tumor necrosis factor (TNF)]. Interferon 

and induce Fas expression on CD34 cells, leading to apoptotic cell 

death; localization of activated T cells to bone marrow and local 

production of their soluble factors are probably important in stem 

cell destruction.

Early immune system events in aplastic anemia are not well 

understood. An oligoclonal, T cell response implies an antigenic 

stimulus. Many different exogenous antigens appear capable of 

initiating a pathologic immune response, but at least some of 

the T cells may recognize true self-antigens. The rarity of aplastic 

anemia despite common exposures (medicines, seronegative hepa-

titis) suggests that genetically determined features of the immune 

response can convert a normal physiologic response into a sus-

tained abnormal autoimmune process, including polymorphisms in 

histocompatibility antigens, cytokine genes, and genes that regulate 

T cell polarization and effector function.

CLINICAL FEATURES 

History

Aplastic anemia can appear with seeming abruptness or have a 

more insidious onset. Bleeding is the most common early symp-

tom; a complaint of days to weeks of easy bruising, oozing from 

the gums, nose bleeds, heavy menstrual flow, and sometimes 

petechiae will have been noticed. With thrombocytopenia, mas-

sive hemorrhage is unusual, but small amounts of bleeding in 

the central nervous system can result in catastrophic intracranial 

or retinal hemorrhage. Symptoms of anemia are also frequent, 

including lassitude, weakness, shortness of breath, and a pound-

ing sensation in the ears. Infection is an unusual first symptom 

in aplastic anemia (unlike in agranulocytosis, where pharyngitis, 

anorectal infection, or frank sepsis occur early). A striking feature 

of aplastic anemia is the restriction of symptoms to the hema-

tologic system, and patients often feel and look remarkably well 

despite drastically reduced blood counts. Systemic complaints 

and weight loss should point to other etiologies of pancytopenia. 

Prior drug use, chemical exposure, and preceding viral illnesses 

must often be elicited with repeated questioning. A family history 

of hematologic diseases or blood abnormalities, and of pulmonary 

or liver fibrosis, may indicate a constitutional etiology of marrow 

failure.

A B

C D

Figure 107-1 A. Normal bone marrow biopsy. B. Normal bone marrow 

aspirate smear. The marrow is normally 30–70% cellular, and there is a 

heterogeneous mix of myeloid, erythroid, and lymphoid cells. C. Aplastic 

anemia biopsy. D. Marrow smear in aplastic anemia. The marrow shows 

replacement of hematopoietic tissue by fat and only residual stromal and 

lymphoid cells. 
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Idiopathic (80%) – immune mediated

Idiopathic versus inherited aplastic anemia
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1

TNF

Treg

Th1 immune response

IFN

Bone marrow

Solomou et al, Blood 2006; Bettelli et al, Nature 2008; 

Feng X et al, Haematologica 2010; Peffault de Latour et al, Blood 2010

1) Th1 immune mediated response

3) Th17 implication

2) Tregs
quantitative 

deficit

Idiopathic (80%) – immune actors

Idiopathic versus inherited aplastic anemia

> Acute phenomena – previous normal CBCs



Idiopathic (80%) – PNH clone

Idiopathic versus inherited aplastic anemia

> PNH clone expansion in the context of immune-mediated BMF 



Inherited (20%) – Germline mutations

• Mutations implicated in heterogeneous biological 
pathways

- DNA repair, Fanconi anemia

- Related Telomere biology disorders, Dyskeratosis
congenita

- Ribosome biogenesis, DBA, Schwachman-Diamond

- Hematopoietic transcription factors, GATA-2 deficiency

• Physical exam is very useful 
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Typical clinical features

Inherited (20%) – Fanconi anemia
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Inherited (20%) – Telomeropathy
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Inherited (20%) – Telomeropathy
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Courtesy by R. Calado



Inherited (20%) – Others (…)

Idiopathic versus inherited aplastic anemia

OBJECTIVES: in a cohort of patients with an unresolved, 
likely-Inherited BMF: 

To identify new IBMF/MDS causes; to draw a broad 
molecular portrait of this heterogeneous group of patients

N=179 patients from 173 unrelated families
(median age: 8.3 years)



Inherited (20%) – Others (…)

Idiopathic versus inherited aplastic anemia

Integrated review for each patient in multidisciplinary roundtable sessions
biological and clinical expertise

WES
 Sequenced on NextSeq500 or Hiseq1000 systems (illumina)

 Analysis: home made bioinformatics pipeline

 Flagging procedure for known IBMF genes

 Additional manual investigation for potential novel IBMF-causing genes

Pathogenic effect of the variants using ACMG classification

gDNA from skin fibroblast cells (n=179 pts)

28 genes were assigned to be
causal or very likely causal gene variant (Sanger re-sequenced)



Idiopathic versus inherited aplastic anemia

Number of patients with variants

Biological pathwaysMolecular diagnosis: N=86 patients (almost 50%)

Bluteau et al, Blood Nov. 2017



Idiopathic versus inherited aplastic anemia

Biological pathwaysSAMD9L/SAMD9: N=16 patients (19%)

Number of patients with variants Bluteau et al, Blood Nov. 2017



Idiopathic versus inherited aplastic anemia

Biological pathwaysTelomeres genes: N=29 patients (34%)

Number of patients with variants Bluteau et al, Blood Nov. 2017



Idiopathic versus inherited aplastic anemia

Biological pathwaysHematopoietic genes: N=21 patients (24%)

Number of patients with variants Bluteau et al, Blood Nov. 2017



Idiopathic versus inherited aplastic anemia

Biological pathwaysRibosome biogenesis: N=12 patients (14%)

Number of patients with variants Bluteau et al, Blood Nov. 2017



Idiopathic versus inherited aplastic anemia

Biological pathwaysDNA damage: N=11 patients (13%)

Number of patients with variants Bluteau et al, Blood Nov. 2017



Management

Idiopathic versus inherited aplastic anemia

SAA

Hypocellularity (<30%) and at

least 2/3 criteria:

PNN <0.5x109/L

Platelets <20x109/L

Reticulocytes <20x109/L

VSAA

PNN <0.2x109/L

Moderate
Not all criteria for SAA

PNN >0.5x109/L

Transfusions?

Yes No

Treatment Follow-up

Camitta BM et al. Blood 1976;48:63–70
SAA, severe AA; VSAA, very severe AA



Management

Idiopathic versus inherited aplastic anemia

• Treatment

- Idiopathic aplastic anemia: immunosuppressive 
treatment or transplantation

- Inherited aplastic anemia: androgens or transplantation



Management

Idiopathic versus inherited aplastic anemia

• Treatment

- Idiopathic aplastic anemia: immunosuppressive 
treatment or transplantation

- Inherited aplastic anemia: androgens or transplantation

• Long-term follow-up

- Clonal evolution for both causes (MDS, AML)

- Solid cancer for inherited disorders



• Disease installation
– Progressive versus acute (CBCs history)

• Personal history
– Early development

– Physical exam 

• Familial history
– Hematological disorders

– Extra hematological disorder (Lung and cirrhosis)

• Biology
– PNH clone

– Immune deficiency

– Hemoglobin F & αFP

Any difference?

Idiopathic versus inherited aplastic anemia



Who should be screened upfront for germline mutations?

Idiopathic versus inherited aplastic anemia

PNH <1%

PNH > 1% 

> 18 years

Diagnosis of aplastic anemia

< 18 years

FA breakage test Fanconi

Idiopathic aplastic anemia

Telomeropathy

Normal

Others

≤10 years > 10 years

NGS Telomeres ± NGS

•CBCs ≤ 2 years
•Familial history
•Normal HbF & αFP  
•Normal physical exam
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Who should be screened upfront for germline mutations?

Idiopathic versus inherited aplastic anemia

PNH <1%

PNH > 1% 

> 18 years

Diagnosis of aplastic anemia

< 18 years

•CBCs ≤ 2 years
•Familial history
•Normal HbF & αFP  
•Normal physical exam

FA breakage test Fanconi

NGS 

Idiopathic aplastic anemia

≤10 years

Telomeropathy

Normal

Others

> 10 years

Telomeres ± NGS

Abnormal -

If screening negative



• Who should be screened at diagnosis of aplastic anemia for 
germline mutations?
– All patients aged 10 or less

– All patients aged 18 or less without PNH, FA or telomeropathy

– All adult patients without PNH, FA or telomeropathy but with 
suspected features of inherited disorders

Idiopathic versus inherited aplastic anemia



Thank you!

The French Reference Center for aplastic anemia and PNH  in Paris

Saint-Louis Hospital Robert Debré Hospital Institute of Hematology, IUH St-Louis

F Sicre, T Leblanc, A Baruchel, G Socié (clinic)

N Vasquez, W. Cuccuini, M Sebert, J Soulier (Fanconi Team), 

C Kannengiesser, E Lainey, L Da Costa (Telomeres team)

http://www.aplasiemedullaire.com/

