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Learning Objectives

ƩTo develop a practical approach to the recognition and diagnosis of bone marrow failure 

syndromes

ƩTo review the presenting features, prognosis, and treatment of selected hereditary marrow 

failure and predisposition syndromes:

ÅGATA2 deficiency

Å Fanconi Anemia

Å Telomere Biology Disorders

Å Diamond Blackfan Anemia

Å Shwachman Diamond Syndrome

ƩDistinguishing acquired aplastic anemia from inherited bone marrow failure (PASS Score)
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Clinical case #1: 45 yo F referred for MDS

ƩHematologic history:

- No prior documented normal CBC

- Late teens: cytopenias and infections, BM biopsy hypocellular w/mild mega dysplasia and 

normal karyotype

- 20s: recurrent bacterial infections; another BM biopsy; moderate neutropenia, diagnosed with 

T-LGL

- 30s: worsening pancytopenia, 1.4>9<72.  Diagnosed with acquired AA, treated with horse 

ATG+CSA. Persistent cytopenias. 

- Age 45: progressive cytopenias and transfusion dependence.

0.6>6.5<25, ANC 0.48, AMC 0.02, ALC 0.04.

January 22, 20264



5

Clinical case #1: 45 yo F referred for MDS

ƩPast medical history

- Recurrent genital warts, with vaginal, cervical, anal dysplasia, and vulvar cancer. 

- Multiple miscarriages

- Chronic non-pitting bilateral leg swelling=lymphedema (runs in maternal side of the family).

Ʃ Bone marrow biopsy: Normocellular (50%). Mega atypia (focally clustered, hypo- and 

abnormally lobated) (20% of lineage). No increased blasts. 

Ʃ Cytogenetics: monosomy 7

Ʃ Somatic molecular NGS panel: disease-associated variants in RUNX1 (VAF 7%), GATA2 

(VAF 51%). VUS in ETV6 (VAF 8%).

January 22, 20265
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The universe of bone marrow failure and clonal disorders

January 22, 20266

Diagnosis requires 
exclusion of secondary 
causes of cytopenias:
- Nutritional
- Infectious
- Rheumatologic
- Medications/toxins
- Endocrine
- Organ dysfunction 

(cirrhosis, CKD)
- Peripheral destruction
- Sequestration

MDS AMLCCUS

Acquired BMF
Aplastic anemia, PNH
Inflammation, T-LGL

VEXAS

Inherited BMF
MDS predisposition

Effects of aging: stem cell depletion, telomere attrition, CHIP
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Estimated prevalence of predisposition syndromes in MDS patients

January 22, 20267 NATURECOMMUNICATIONS| (2020) 11:1044

All-comer MDS patients:

- Estimated ~15% with hereditary 
syndromes

Patients with known familial MDS:

 ~60% with defined diagnosis

               40% without defined diagnosis
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Classical Inherited BMF:
Å Dyskeratosis Congenita (14+ genes)
Å Fanconi Anemia (18+ genes)
Å Diamond Blackfan Anemia (11+ 

genes)
Å Congenital Neutropenia (8+ genes)

Growing number of other inherited BMF
 and predisposition syndromes
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Whom to evaluate for inherited BMF diseases

ÅNo documented normal blood counts, lifelong cytopenias, aplastic anemia

ÅMDS in the young(er) age [e.g., <50 years]

ÅFamily history of MDS/AML, cytopenias, and associated conditions (see below)

Å άwŜŘ ŦƭŀƎέ ŎƻƴŘƛǘƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ .aC syndomes: 

- monosomy 7 or chromosome 1q gain in young patient w/ MDS 

- congenital malformations and dysmorphology incl. abnormal thumbs

- solid tumors at a young age

- failure to recover counts after chemotherapy/radiation

- immune deficiency, lymphedema

- cirrhosis, pulmonary fibrosis, early graying, mucocutaneous findings

January 22, 20269
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Key elements of history and physical exam

ÅDocumentation of baseline normal blood counts

ÅAge of cytopenia onset, type and severity of cytopenias

ÅDysmorphology, abnormally short stature, premature graying, skin, nail, thumb findings 
or lymphedema on physical exam

ÅRed flags on past medical history

ÅRed flags on family history

Å!ǿŀǊŜƴŜǎǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ƎŜǊƳƭƛƴŜ Ƴǳǘŀǘƛƻƴǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ άǎƻƳŀǘƛŎέ ƳƻƭŜŎǳƭŀǊ ǘŜǎǘƛƴƎ

January 22, 202610



Abramson Cancer Center  |  Penn Medicine

Clinical case #1: 45 yo F referred for MDS

Hematologic history:

- No prior documented normal CBC

- Late teens: cytopenias and infections, BM biopsy hypocellular w/mild mega dysplasia and 

normal karyotype

- 20s: recurrent bacterial infections; another BM biopsy; moderate neutropenia, diagnosed with 

T-LGL

- 30s: worsening pancytopenia, 1.4>9<72.  Diagnosed with acquired AA, treated with horse 

ATG+CSA. Persistent cytopeniasðlack of response to immunosuppressive therapy. 

- Age 45: progressive cytopenias and transfusion dependence.

    0.6>6.5<25, ANC 0.48, AMC 0.02, ALC 0.04.

January 22, 202611
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Clinical case #1: 45 yo F referred for MDS

Past medical history

- Recurrent genital warts, with vaginal, cervical, anal dysplasia, and vulvar cancer. 

- Multiple miscarriages

- Chronic non-pitting bilateral leg swelling=lymphedema (runs in maternal side of the family).

Bone marrow biopsy: Normocellular (50%). Mega atypia (focally clustered, hypo- and abnormally 

lobated) (20% of lineage). No increased blasts. 

Cytogenetics: monosomy 7

Somatic molecular NGS panel: disease-associated variants in RUNX1 (VAF 7%), GATA2 (VAF 

51%). VUS in ETV6 (VAF 8%).

Diagnosis  Ÿ  confirmed by genetic testing in skin biopsy

GATA2 deficiency, evolved to MDS

January 22, 202612
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Autosomal-dominant

ÅLymphedema

ÅPredisposition to MDS/AML

ÅWarts

First reported clinically as Emberger Syndrome in 2010 

Mansour et al. Am J Med Genet A . 2010 Sep;152A(9):2287-96
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GATA2

2010-2011
Convergence on GATA2
Å MonoMAC
Å Emberger
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Recognizing GATA2: evolving clinical symptoms over the lifespan
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Recognizing GATA2: clinical, pathologic and lab findings

ƩMonocytopenia

ƩDeficiency of B, NK cells

ƩUnusual infections:

Å Non-TB mycobacteria

Å Recurrent HPV warts

ƩLung disease

ƩLymphedema

ƩMDS at early age

ÅMonosomy 7, Somatic STAG2 

mutations
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Hematologic findings in GATA2 deficiency vs aplastic anemia

Platelets WBC Neutrophils Monocytes Lymphocytes

B cells NK cells T cells

Ganapathi et al. Blood. 2014 Oct 30;125(1):56ï70

Bone marrow morphology
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Clinical management of GATA2 deficiency

ƩCytopenias/BMF

Å Supportive management of 

cytopenias

Å Bone marrow surveillance for 

MDS/AML evolution

ƩHSCT is indicated for:

Å Transfusion-dependent BMF

Å Adverse clonal evolution and 

MDS/AML progression

Å Severe immune deficiency with 

recurrent opportunistic infections

Å Refractory HPV disease

ƩImmunodeficiency:
Å Vaccinations, including HPV

Å Prophylactic antimicrobials for severe immunodeficiency

ƩMultidisciplinary care including:
Å Infectious disease (for opportunistic infections, e.g. 

mycobacterial, HSV)

Å Gyn (e.g. for genital warts, malignancy screening)

Å Dermatology (e.g. for erythema nodosum)

ƩGenetic counseling
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GATA2 is one of the inherited predisposition syndromes caused by 

germline defects in hematopoietic regulatory genes

January 22, 202619
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Classical BMF is caused by germline disruption of core cellular pathways

January 22, 202620



21January 22, 202621

Classical BMF is caused by germline disruption of core cellular pathways
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Classical BMF: defects in telomere maintenance
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Classical BMF: defects in DNA repair
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Classical BMF: defects in ribosome biogenesis
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Classical BMF arises from germline mutations in core cellular 

pathways

January 22, 202625
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Inherited BMF can be diagnosed over the lifespan

January 22, 202626

Atluri et al. Semin Hematol. 2025 Jun;62(3):131-140



BMF Syndrome Median age
at dx (yrs)

Incidence Molecular Pathogenesis Inheritance Malignancy 
predisposition

Fanconi Anemia (FA) ~6 ~1 in 130,000 DNA Repair AR, XR MDS/AML + solid 
tumor (HIGH)

Telomere Biology Disorders (TBD) Adolescence 
and 
adulthood

~1 in 1 million 
for DC; other 
forms unknown

Telomere Maintenance AD,AR,
XR

MDS/AML + solid 
tumor (HIGH)

Diamond-Blackfan Anemia (DBA) <1 ~1 in 200,000 Ribosomal Biogenesis AD MDS/AML + solid 
tumor (moderate)

Shwachman-Diamond Syndrome (SDS) 1 ~1 in 100,000 Ribosomal Biogenesis (SBDS) AR MDS/AML (HIGH)

Severe Congenital Neutropenia (SCN) 3 ~1 in 200,000 Heterogeneous
(ELA2, HAX1, other)

AD, AR MDS/AML 
(moderate)

SAMD9/SAMD9L syndromes childhood Unknown (~200 
reported cases)

Gain of function in SAMD9 or 
SAMD9L, anti-proliferative effect

AD MDS/AML 
(moderate)

Congenital Amegakaryocytic 
Thrombocytopenia (CAMT)

<1 n/a Defective thrombopoietin 
Receptor (MPL)

AR None

Thrombocytopenia Absent Radii (TAR) <1 < 1 in 100,000 Defective RNA pre-processing, 
exon ςjunction complex (RBM8A)

AR MDS/AML (rare)

Hereditary BMF Syndromes
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Patient Case #2: 30 yo F with pancytopenia after cisplatin/radiation

HPI: 30 yo F diagnosed with vulvar carcinoma

Physical exam: 5ô1ôô female, no lymphadenopathy, no organomegaly. Small thumb with a surgical 

scar overlying thumb.

Labs: mild pancytopenia.

Imaging: incidental finding of congenital absence of one kidney.

Clinical course: 

- Following diagnosis of vulvar cancer, patient received cisplatin and radiation from her gyn 

oncologist.

- Following the first cycle of therapy, she developed profound pancytopenia with marrow aplasia. 

- Hematology is consulted.

What is the likely diagnosis?
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Fanconi Anemia (FA): Pathogenesis

Å One of the most common causes of 

inherited BMF

Å FA incidence 1 in 130,000 live births 

in the US

Å Genetic defect in one of 22 known 

FA complex genes

Å Defect in homologous DNA repair

Å Hypersensitivity to DNA crosslinking 

agents

Å DEB, mitomycin C

Å Others (cisplatin, radiation)
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Diagnostic test: Chromosome Breakage Analysis

- PHA-stimulated peripheral blood lymphocytes 

cultured with crosslinking agents, mitomycin C and 

diepoxybutane (DEB).

- Increased chromosomal breaks and radials in FA.

- Note: In cases with a high suspicion of FA, but an 

apparent negative test in blood, testing should be 

repeated in skin fibroblasts, due to ~10-15% rate of 

reversion mosaicism and false-negative results in blood.

SLH, Wisc. U. Cases
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Multisystem disease diagnosed 

in children and adults

Short stature

Café a lait spots

Thumb abnormalities

Microcephaly

Triangular face

Congenital hip dislocation

Hyper- and hypopigmentation

Imperforate anus

GU anomalies

30% have no apparent extrahematopoietic findings

Blood Reviews 2010, 24, 101

FA Handbook, Version 4, 2014
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Overall survival, BMF, MDS, AML and solid tumors
Overall Survival 

HCT for 

BMF or 

death

Solid tumor

MDS

CI of death/HCT/ST/leukemia Cumulative incidence (CI) of MDS

Annual hazard rate Annual hazard rate

Cumulative incidence:
Å severe BMF 70% by age 50
Å solid tumors: ~20% by age 65 years
Å MDS: 50% by age 50 years
Å AML: <5% by age 30 years

Alter et al. Haematologica 2018 Volume 103(1):30-39

Leukemia

HCT for 

BMF or 

death

Solid tumor

Leukemia

MDS

Median survival: 39 years
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HNSCC and Gyn cancers are most common

FA Handbook, Version 4, 2014

FA Handbook, Version 4, 2014

Ratio Observed: Expected
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ÅBone marrow failure (BMF):

ïBone marrow transplant (BMT): 

ÅThe only curative therapy for 

BMF (but not for other 

manifestations of FA)

ÅRequires lower intensity 

conditioning

ïMedical management:

ÅAnabolic steroids (e.g., 

Oxymetholone or danazol)

ÅSupportive care, transfusions

Multidisciplinary management, focused on prevention, BMF and cancer surveillance

ÅPrevention: avoidance of radiation and 

DNA-damaging agents

ÅCancer surveillance:

ïOral cancer screening

ïGyn, GI, and bone marrow surveillance.

ÅExperimental/emerging: gene therapy, 

antioxidants. 

ÅMultidisciplinary care: Endocrinology, 

ENT, GU, orthopedics/plastics, genetics.
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More cases for discussion:

Ʃ A 67-year-old previously healthy patient with a recent diagnosis of AML was 

found to have one pathogenic FANCA  gene variant at 50% VAF on a somatic 

NGS panel on a bone marrow biopsy.

Å How do you approach this case?

ÅWhat if two FANCA VUS variants were identified?

ƩA 40-year-old M with chronic thrombocytopenia, history of oropharyngeal 

dysplasia, and family history of a brother who died at a young age of ñFAò has 

a negative chromosome breakage test .

ÅWhat is your next step?
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Resources for Fanconi Anemia

ƩFanconi Anemia Clinical Care Guidelines_5th Edition 2020_web

https://fanconi.org/wp-content/uploads/2024/01/Fanconi_Anemia_Clinical_Care_Guidelines_5thEdition_web.pdf
https://fanconi.org/wp-content/uploads/2024/01/Fanconi_Anemia_Clinical_Care_Guidelines_5thEdition_web.pdf
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Patient Case 3

HPI: 55 yo M with decades-long thrombocytopenia, referred for evaluation of BMF.

Physical exam: Fit middle-aged male with unremarkable physical exam.

Labs: WBC 2.9, Hgb 10.6, Platelets 29; with 58.9% granulocytes, 6.2% monocytes, and 34.9% 

lymphocytes. MCV 121.

Family history: brother with thrombocytopenia.

Pathology: Bone marrow hypocellular without dysplastic changes, normal karyotype, and no 

acquired mutations.

BMF evaluation:

ƩChromosome breakage studies were normal.

ƩTelomere length flow FISH testing showed very low lymphocyte telomere lengths for age

ƩPanel-based NGS genetic testing for genes mutated in BMF identified a pathogenic variant in 

TERC, confirming the diagnosis of telomere biology disorder (TBD).
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Telomere Biology Disorders

Å Genetic defect in one of 14 

genes associated with 

telomere maintenance

Å Leads to abnormal shortening 

of telomeres

Chapter 15. ASH-SAP 8th ed.
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Diagnostic test: Telomere Length Measurement (flow-FISH)

ƩTL by flow FISH is highly reproducible

ƩStandardized, age-dependent diagnostic 

thresholds. 

ƩLow TL test should be followed by genetic 

testing to establish genetic diagnosis

Alder et al. PNAS 2018 Mar 6;115(10):E2358-E2365
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Lymphocyte TL in genetically confirmed TBD patients

Alder et al. PNAS 2018 Mar 6;115(10):E2358-E2365
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Mucocutaneous Triad in Dyskeratosis Congenita

January 22, 202641

Oral leukoplakia Hypo/hyperpigmentation Nail dystrophy
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Genetically Heterogeneous Multisystem Progressive Disease

Niewisch, et al. Hematology, 2023

X-linked

AD, de novo

AR

AD

More severe

pediatric presentations
Less severe

progressing with age
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Age and clinical symptom-dependent TL thresholds

Alder et al. PNAS 2018 Mar 6;115(10):E2358-E2365

Niewisch, et al. Hematology, 2023
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Overall survival, BMF, MDS, AML and solid tumors
Overall Survival 

Solid tumor

MDS

CI of death/HCT/ST/leukemia CI of MDS

Annual hazard rate

Annual hazard rate

Cumulative incidence:
Å HCT for severe BMF or death 70% by age 70
Å solid tumors: ~20% by age 65 years
Å MDS: 20% by age 50 years
Å AML: <10% by age 70 years

Alter et al. Haematologica 2018 Volume 103(1):30-39

Leukemia

HCT for BMF or death 

w/o malignancy

Solid tumor

Leukemia

MDS

Median survival: 51 years

HCT for BMF or death 

w/o malignancy
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Solid Tumors in TBD Patients

Alter et al. Blood (2009) 113 (26): 6549ï6557.
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ƩReferral to a center with experience in multidisciplinary 

management of telomere biology disorders

ƩBMF/immune deficiency/MDS/AML: 

Å Medical management:

ï Anabolic steroids (e.g., danazol)

ï Transfusion support

ï Avoidance of myelosuppressive agents

Å BMT: 

ï Low intensity bone marrow transplant can 

cure BMF or primary immune deficiency

ï Higher intensity is required for treatment of 

MDS/AML, but has high rates of TRM.

Comprehensive management focused on affected organs and cancer surveillance

ƩILD: Antifibrotics, lung transplant

ƩImmune deficiency: vaccination

ƩCirrhosis: medical management, liver transplant

ƩAVN: joint replacement

ƩGI/GU strictures: dilation.

ƩMucocutaneous: dermatology/oral medicine

ƩCancer surveillance: ENT, GI, bone marrow surveillance.

ƩGenetics: genetic testing/counseling of patient and family.

Clinical trials



47

A helpful resource: Team Telomere Management Handbook

Team Telomere | A Community for Telomere Biology Disorders

https://teamtelomere.org/
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HPI: 2 month old previously healthy boy brought to pediatrician with pallor. 

Family History: 2 brothers, healthy. No blood conditions in the family.

Labs: Anemia (Hgb 4 g/dl), reticulocytes 0.1%, MCV 103 (macrocytic).

Physical exam: Small for age. Pallor, otherwise no apparent abnormality. 

Holosystolic murmur.

Bone marrow aspiration and biopsy: absence of erythroid precursors.

Cytogenetics and somatic molecular testing are normal.

Patient Case 4

What is the likely diagnosis?

What testing should be ordered?
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Diamond Blackfan Anemia (DBA): Caused by Ribosome Biogenesis Defects

Narla  A , and Ebert B L Blood 2010;115:3196 -3205/Liu and Ellis Blood 2006


