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Abstract

Myelodysplastic syndromes (MDS) are clonal hematopoietic disorders characterized by 

cytopenias, ineffective hematopoiesis, myelodysplasia, and an increased risk of acute myeloid 

leukemia (AML). While sporadic MDS is primarily a disease of the elderly, MDS in children and 

young and middle-aged adults is frequently associated with underlying genetic predisposition 

syndromes. In addition to the classic hereditary bone marrow failure syndromes (BMFS) such as 

Fanconi Anemia and Dyskeratosis Congenita, in recent years there has been an increased 

awareness of non-syndromic familial MDS/AML predisposition syndromes such as those caused 

by mutations in GATA2, RUNX1, CEBPA, and SRP72 genes. Here, we will discuss the importance 

of recognizing an underlying genetic predisposition syndrome a patient with MDS, will review 

clinical scenarios when genetic predisposition should be considered, and will provide a practical 

overview of the common BMFS and familial MDS/AML syndromes which may be encountered in 

adult patients with MDS.
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1) Introduction

Ms. A is a 22-year-old female who presented with progressive fatigue and pancytopenia. 

Complete blood count revealed a white blood cell count of 2.7 • 103/µl, haemoglobin of 9.1 

g/dl with an elevated mean corpuscular volume of 115 fl, and a platelet count of 86 • 103/µl, 

with a low absolute neutrophil count of 490 • 103/µl. Past medical history was notable for 

frequent bacterial infections, a cervical conisation procedure for Human Papilloma Virus 

(HPV)-associated cervical intraepithelial neoplasia and lymphedema of her left lower 

extremity as a child. There were no toxic exposures, and she was taking no medications. 

Family history was unremarkable. On physical examination, Ms. A was a well-appearing 

young woman of normal stature, with no abnormal physical findings. A bone marrow 

aspirate and biopsy revealed a hypocellular marrow with erythroid dysplasia and an 

expansion of myeloblasts, consistent with MDS. Cytogenetic studies revealed monosomy 7. 

Due to the patient’s young age, an inherited BMFS was suspected. Testing for Dyskeratosis 

Congenita and Fanconi Anemia was negative. Based on her presentation, she was clinically 

diagnosed with Emberger Syndrome. After GATA2 genetic testing became available, a de 

novo pathogenic GATA2 gene mutation was confirmed. She and her family received genetic 

counselling. No other family members were affected. She elected to proceed with fertility 

preservation, and subsequently underwent a bone marrow transplant. She is currently doing 

well.

The 2008 World Health Organization (WHO) classification defines myelodysplastic 

syndromes as a group of clonal hematopoietic stem cell disorders characterized by 

cytopenias, dysplasia in one or more myeloid cell lines, ineffective hematopoiesis, and 

increased risk of acute myeloid leukemia (AML)[1]. Historically defined by blast percentage 

and dysplastic morphology, MDS is now known to be driven by the sequential acquisition of 

clonal genetic changes through somatic mutations as well as gain or loss of chromosomal 

regions. Recurrent mutations found in MDS disrupt key regulatory pathways including RNA 

splicing (SFSB1, SRSF2, U2AF1 and ZRSR2), epigenetic modifier genes (TET2, DNMT3A, 

IDH1/IDH2, ASXL1, EZH2, and SETBP1), regulators of transcription (RUNX1, BCOR, 

ETV6), DNA repair (TP53), signaling pathways (NRAS, KRAS, CBL, JAK2, FLT3, NF1), 

and cohesins (STAG2)[2].

The incidence of MDS increases with age, with 86% of MDS patients diagnosed over the 

age of 60 years; the median age at diagnosis is 76 years[3]. Based on the 2001 Surveillance, 

Epidemiology, and End Results (SEER) data, the incidence of MDS in patients younger than 

40 is estimated at 0.14 per 100,000, but rises to over 36 per 100,000 in patients 80 years and 

older[4]. In children, MDS is exceedingly rare, with an annual incidence of 0.8 to 4 cases 

per million[5]. Sporadic, or primary MDS, the most common type of MDS diagnosed in the 

elderly, is thought to be multifactorial and to arise due to the cumulative age-related genetic 

damage. In contrast, secondary MDS can frequently be traced to cytotoxic exposures, such 

as alkylating agents and topoisomerase inhibitors, radiation, and certain environmental and 

occupational toxins such as benzene, agricultural chemicals and solvents[6]. In pediatric 

patients, MDS is strongly associated with cytotoxic exposures, classic hereditary BMFS, 

nonsyndromic familial MDS/AML predisposition syndromes, or long history of acquired 

aplastic anemia[5] (Figure 1). With the increasing knowledge of hereditary BMFS and 
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familial MDS/AML syndromes, there is a growing appreciation of their contribution to the 

development of MDS in the younger adult patients (Figure 2). In this review, we will discuss 

the importance of recognizing an underlying genetic predisposition syndrome in an MDS 

patient, will review clinical scenarios when genetic predisposition should be considered, and 

will provide a practical overview of the common hereditary BMFS and familial MDS/AML 

syndromes that may be encountered in adult patients with MDS.

2) The critical importance of recognizing an underlying genetic 

predisposition syndrome in a patient with MDS

In addition to having implications for genetic counselling of a patient and their family, a 

diagnosis of an underlying genetic predisposition syndrome in a patient with MDS can be of 

immediate practical importance for selecting MDS therapy, considering hematopoietic stem 

cell transplantation (HSCT), and for long-term cancer surveillance and prognosis (Table 1). 

For the patient in the clinical vignette above, having an accurate genetic diagnosis allowed 

for genetic counselling, was important for donor selection, and gave her an option of pre-

implantation diagnostics in the future.

First, in contrast to sporadic or primary MDS, where the MDS treatment plan is guided by 

the prognostic risk stratification, current MDS prognostic models have excluded patients 

with known genetic predisposition syndromes, and in most cases, would greatly 

underestimate their risk of progression[7]. Second, patients with an underlying BMFS or 

familial MDS/AML predisposition present with MDS at younger age and commonly have 

hypocellular marrow; importantly, although these characteristics were found to be predictive 

of response to immunosuppressive therapy in patients with primary MDS[8–11], patients 

with genetic predisposition syndromes will not achieve long-term remission with 

immunosuppression, and this approach is likely to result in infectious complications and 

delay of definitive therapy. Third, long-term outcomes of MDS secondary to BMFS and 

familial MDS/AML predisposition are historically poor, driven by progressive cytopenias, 

infectious complications and evolution to acute leukemia; for these patients, hematopoietic 

stem cell transplantation (HSCT) should be conscientiously considered earlier in the disease 

course[12]. Any consideration for cytotoxic “debulking” therapy prior to transplant must be 

carefully weighed with the risks of treatment-related toxicity, which can be significant in 

patients with BMFS, such as Fanconi Anemia.

Further, a diagnosis of hereditary BMFS or familial AML/MDS predisposition adds several 

considerations to pre-transplant planning and post-HSCT care of an MDS patient, 

particularly to the choice of a conditioning regimen, selection of HSCT donor, and unique 

transplant-related toxicities. Whereas in selecting the conditioning regimen, fit younger 

adults with primary MDS are frequently offered myeloablative conditioning with a goal of 

reducing relapse and improving disease-free survival[13], patients with hereditary BMFS 

may have improved survival and lower transplant-related mortality with reduced-intensity 

conditioning[12]. Patients with Fanconi Anemia were shown to have improved HSCT 

outcomes with fludarabine-containing nonmyeloablative regimens incorporating T-cell 

depletion[12]. Similarly, in patients with Dyskeratosis Congenita and Shwachman-Diamond 

Syndrome, in whom traditional myeloablative regimens have been associated with 
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prohibitively high treatment-related complications, reduced-intensity conditioning may be 

better tolerated[14–16]. In selecting a potential HSCT donor, accurate diagnosis of an 

underlying genetic predisposition syndrome allows to exclude sibling donors who may be 

occult carriers of the same genetic syndrome. Inadvertent selection of clinically silent, adult 

sibling donors with Dyskeratosis Congenita have been reported, leading to poor stem cell 

mobilization, delayed engraftment, and increased mortality[17]. Similarly, inadvertent 

selection of a clinically silent sibling donor with Diamond-Blackfan Anemia caused non-

engraftment[18]. Unique transplant-related complications in patients with BMFS include 

graft failure and pulmonary complications in patients with Dyskeratosis Congenita[14–15], 

hypersensitivity to radiation and DNA crosslinking agents, high rates of GVHD and 

endocrinopathies in Fanconi Anemia[12], and cardiopulmonary complications in 

Shwachman-Diamond Syndrome[16]. Finally, although HSCT may cure MDS and restore 

normal hematopoiesis, patients with an underlying genetic predisposition syndrome may be 

at an increased risk of non-hematologic malignancies. In selected populations, such as 

patients with Fanconi Anemia, where an estimated risk of solid tumors approaches 75% by 

the age of 45 years[19–20], or Dyskeratosis Congentia, where the actuarial risk of cancer is 

estimated at 40% by the age of 50 years[21], a comprehensive lifetime cancer surveillance 

program, genetic counselling and screening of family members are paramount.

Because of these unique treatment considerations, MDS patients with an underlying 

hereditary BMFS or familial MDS/AML should be evaluated and treated in specialized 

centres with expertise in care of patients with bone marrow failure (BMF).

3) When to consider hereditary bone marrow failure and familial MDS/AML 

syndromes in the evaluation of MDS?

Although the majority of patients with classic hereditary BMFS are diagnosed in childhood, 

some patients have no or only subtle extrahematopoietic manifestations and may present in 

adulthood with MDS. Other common adult presentations include cytopenias, BMF, AML, or 

solid tumors; not infrequently, the diagnosis is uncovered due to excessive toxicity to 

chemotherapy or radiation[17, 22–29]. Because of the potential for life-threatening toxicities 

with inappropriate therapy, all pediatric and young adults presenting with MDS should be 

systematically evaluated for an underlying genetic predisposition syndrome. Although it is 

difficult to specify an exact age range when genetic screening is most fruitful, we 

recommend testing to exclude Fanconi Anemia and Dyskeratosis Congenita (because of 

increased treatment-related toxicities) and GATA2 haploinsufficiency (most common 

familial MDS/AML predisposition syndrome in adults) in all MDS patients under the age of 

50 years, who have no history of cytotoxic exposures (Figure 3, Table 2). Additional 

evaluation should be guided by the clinical and family history.

Clinical characteristics suggestive of a possible genetic predisposition syndrome include 

short stature, mucocutaneous findings (e.g. café-au-lait spots, nail dystrophy, premature 

graying, or skin hypopigmentation), congenital malformations (e.g. cardiac defects or 

skeletal abnormalities), and associated clinical conditions (e.g. pulmonary fibrosis or 

endocrinopathies); however, these findings may be subtle or absent. In patients undergoing 

chemotherapy and radiation, a history of unusually delayed count recovery as well as other 
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unexpected toxicities can point to an underlying DNA repair or telomere maintenance 

disorder. A meticulous family history may reveal family members with MDS or leukemia 

presenting at a young age, or may be notable for relatives with cytopenias, solid tumors, 

congenital malformations, or associated clinical conditions such as pulmonary fibrosis or 

premature ovarian failure; a history of consanguinity may point to a possible autosomal 

recessive disorder. Importantly, phenotypic heterogeneity, incomplete penetrance, autosomal 

recessive and sporadic cases, and somatic mosaicism may obscure the presence of an 

underlying genetic syndrome. Finally, the presence of signature cytogenetic, and molecular 

characteristics, or a new diagnosis of AML with morphologic findings of underlying 

myelodysplasia in a young adult should prompt an investigation of an occult genetic 

predisposition syndrome. Classic cytogenetic findings seen in genetic predisposition 

syndromes include duplications of chromosome regions 1q or 3q seen in Fanconi Anemia, 

isochromosome 7q characteristic of Shwachman-Diamond Syndrome, and isolated 

monosomy 7 common in GATA2 haploinsufficiency and a number of other disorders. 

Molecularly, bi-allelic disruption of genes such as RUNX1 and CEBPA, which are 

implicated both in sporadic AML as well as in familial MDS/AML syndromes, may indicate 

a leukemogenic “second-hit” somatic mutation in a patient with an inherited disruption in 

the affected gene[30].

4) What genetic predisposition syndromes are associated with MDS?

There is a growing number of genetic predisposition syndromes associated with MDS, 

including the classic syndromic BMFS as well as the pure familial MDS/AML syndromes; 

we refer the reader to several recent in-depth reviews of individual syndromes[31–41]. Here, 

we will focus on the practical information pertinent to evaluating an adult patient with MDS 

(Table 3, Figure 3). We will first present genetic syndromes that can present de novo in an 

adult patient, including BMFS (Fanconi Anemia, Dyskeratosis Congenita) and familial 

MDS/AML syndromes (GATA2 haploinsufficiency, RUNX1-associated familial platelet 

disorder with propensity to myeloid malignancy, familial AML with mutated CEBPA, and 

familial aplastic anemia/MDS with SRP72 mutation). We will then finish with four classic 

BMFS syndromes associated with MDS which are less likely to present in adulthood 

(Congenital Amegakaryocytic Thrombocytopenia, Diamond-Blackfan Anemia, Severe 

Congenital Neutropenia and Shwachman-Diamond Syndrome).

Although disease-specific screening remains the standard-of-care for many syndromic 

BMFS (Table 3), targeted sequencing of known MDS predisposition genes using next-

generation sequencing panels will soon enable rapid and comprehensive clinical testing for 

multiple MDS predisposition genes. As genetic testing becomes a routine part of the clinical 

MDS evaluation, specialized knowledge of genetic testing will become increasingly more 

important to accurately interpret and integrate test results into the clinical decision-making. 

Potential pitfalls of next-generation sequencing include the limitations of a particular panel’s 

coverage, false-negative results due to inability to detect deletions and duplications, and the 

difficulty in distinguishing pathogenic mutations from benign polymorphisms.
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4.1) Fanconi Anemia

Fanconi Anemia (FA) is a genetic syndrome categorized by congenital anomalies, BMF and 

predisposition to cancer, with an estimated incidence of 1 in 100,000 births and 

autosomalrecessive or X-linked recessive inheritance[32]. To date, sixteen genes have been 

linked to FA, all a part of the common FA pathway that mediates interstrand crosslink DNA 

repair and homologous recombination[32]. Many patients exhibit congenital anomalies, 

including skeletal defects, classically abnormal thumb or radius, short stature, café-au-lait 

spots, endocrinopathies, and premature ovarian failure. Up to 40% of FA patients have no 

abnormal physical findings[31]. BMF is the most common manifestation, present in 75–90% 

of FA patients, with an estimated risk of evolution to MDS or AML of 50%[42]. 

Cytogenetic abnormalities characteristic of FA include the gain of 1q23–32 and 3q26[43]. 

Although most FA patients are diagnosed in childhood, patients can present in adulthood 

with BMF, MDS/AML, solid tumors, and increased toxicity from chemotherapy and 

radiation[22–24]. The actuarial risk of solid tumors in FA approaches 75% by the age of 50 

years[42]. FA is diagnosed by demonstrating hypersensitivity to DNA interstrand 

crosslinking agents diepoxybutane and mitomycin C in a chromosomal breakage study[31]. 

Up to 15% of FA patients may have false-negative or ambiguous results due to somatic 

mosaicism of peripheral blood lymphocytes; this can be overcome by testing skin fibroblasts 

instead of peripheral blood [44]. After establishing FA diagnosis, specific affected genes can 

be identified by FA complementation testing or gene sequencing[31].

4.2) Dyskeratosis Congenita

Dyskeratosis Congenita (DC) is an inherited BMFS classically characterized by a triad of 

abnormal skin pigmentation, leukoplakia and nail dystrophy[34], with an estimated 

incidence of 1 per 1,000,000 births[45]. To date, eleven genes involved in telomere 

maintenance have been linked to DC pathogenesis, accounting for 60% of DC patients; DC 

can be inherited in X-linked recessive, autosomal-dominant or autosomal-recessive 

pattern[33]. Clinical manifestations can range from the most severe, such as the Hoyeraal-

Hreidarsson Syndrome (intrauterine growth retardation, developmental delay, microcephaly, 

cerebellar hypoplasia, immunodeficiency, and aplastic anemia) and the Revesz syndrome 

(bilateral exudative retinopathy, BM hypoplasia, nail dystrophy, fine hair, cerebellar 

hypoplasia, and growth retardation), to the more subtle presentations in adulthood including 

pancytopenia, pulmonary fibrosis, or cutaneous changes[17, 22–28, 34]. The cumulative risk 

of MDS in DC approaches 33% by the age of 40 years; 40% of patients develop solid 

tumors by the age of 50 years[21]. DC is diagnosed by demonstrating abnormally short 

telomere lengths by flow fluorescence in situ hybridization (FISH) on peripheral blood 

lymphocytes[34].

4.3) GATA2 Haploinsufficiency Syndrome

Haploinsufficiency of the hematopoietic transcription factor GATA2 underlies a multifaceted 

MDS predisposition syndrome previously described as MonoMAC syndrome, dendritic cell, 

monocyte, B and NK lymphoid deficiency, familial MDS/AML, and Emberger 

syndrome[40]. The incidence of GATA2 haploinsufficiency is unknown. In the analysis of 

57 GATA2 mutated patients at the National Institutes of Health (NIH), the median age at 
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presentation was 20 years (range 5 months to 78 years), with 21% of patients presenting 

with MDS/AML at diagnosis. Other findings were viral infections (including HPV) (32%), 

non-tuberculous mycobacterial infections (28%), lymphedema (9%), and fungal infections 

(4%). Notably, 50% and 16% of patients were asymptomatic at the age of 20 years and 40 

years, respectively. Overall, the risk of MDS/AML in patients with GATA2 deficiency is 

estimated at 50%[46]. Compared to patients with primary MDS, patients with GATA2 

haploinsufficiency tend to be younger and are more likely to have hypocellular MDS[26, 

46]. Most frequent cytogenetic abnormalities are trisomy 8 (24%) and monosomy 7 (16%)

[40]. There is emerging data that somatic mutations in ASXL1, found in 29% of GATA2 -

associated MDS/AML, predispose to a proliferative chronic myelomonocytic leukemia and 

may benefit for earlier HSCT[47]. There is likely an increased risk of solid tumors, 

including those associated with viral infections, such as HPV-associated squamous cell 

carcinoma, and other cancers including breast, pancreatic, renal cell and desmoid[40]. 

GATA2 haploinsufficiency syndrome is diagnosed by GATA2 gene sequencing.

4.4) RUNX1-associated Familial Platelet Disorder With Propensity to Myeloid Malignancy 
(FPD/AML)

RUNX1-associated FPD/AML is an autosomal-dominant disorder caused by germline 

mutations in the transcription factor RUNX1; its incidence is unknown[48–49]. Patients 

classically present with lifelong mild-to-moderate thrombocytopenia and a family history of 

MDS/AML at a young age; a history of bleeding may be elicited in some cases[48–50]. In a 

study of ten families with two or more family members affected diagnosed with MDS/AML, 

five of the ten families were found to carry germline RUNX1 mutations, with an estimated 

risk for MDS/AML of 35% in affected members. A thrombocytopenia prodrome may not 

recognized, or patients may carry a presumed diagnosis of chronic immune 

thrombocytopenia[48]. Progression to MDS/AML can be associated with acquisition of a 

second mutation in RUNX1 or an acquisition of trisomy 21[51]. RUNX1 FPD/AML 

syndrome is diagnosed by genetic sequencing in conjunction with ancillary cytogenetic 

techniques to detect deletions and duplications.

4.5) Familial Acute Myelogenous Leukemia With Mutated CEBPA

Familial AML with mutated CEBPA is an autosomal-dominant genetic disorder caused a 

germline mutation in the granulocytic differentiation factor CEBPA. Exemplified by the 

original description of a pedigree with three family members presenting with AML at ages 

of 10, 18, and 30 years[52], patients with germline CEBPA mutations come to medical 

attention either at the time of AML diagnosis or due to a family history of AML at a young 

age; there is a nearcomplete penetrance, and non-hematologic manifestations have not been 

reported. Although the incidence of germline CEBPA mutations is unknown, a screen of 187 

consecutive AML patients revealed two patients (1%) who carried a germline CEBPA 

mutation; both were found to have “second-hit” somatic CEBPA mutations[30]. Of note, 

somatic CEBPA mutations are found in 5–14% of patients with an presumed primary AML, 

of whom 20% have bi-allelic CEBPA disruption and should be screened for germline 

CEBPA mutations[53]. The diagnosis is established by CEBPA gene sequencing of non-

leukemic tissue, in order to avoid false-positive diagnosis due to somatic CEBPA alterations.
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4.6) Familial aplastic anemia/MDS with SRP72 mutation

Familial aplastic anemia/MDS with SRP72 mutation is an autosomal dominant familial 

MDS syndrome caused by a mutation in SRP72, a component of the signal recognition 

particle necessary for protein processing[54]. Originally identified in a family with several 

adolescent or young adult family members affected by cytopenias or MDS, the SRP72 

mutation was subsequently identified in screen of 96 BMF patients in one additional family 

where the affected family members were diagnosed with MDS at 39 and 76 years of age. 

The clinical phenotype of this syndrome is incompletely defined[54]. The diagnosis is 

established by SRP72 gene sequencing.

4.7) Congenital Amegakaryocytic Thrombocytopenia (CAMT)

CAMT is an autosomal recessive BMFS caused by the lack of the functional thrombopoietin 

receptor c-Mpl; approximately 100 cases of CAMT have been reported to date [35]. Patients 

typically present with severe thrombocytopenia before the first year of life, followed by 

progressive BMF due to the hematopoietic stem and progenitor cell exhaustion[35]. A 

presentation with familial aplastic anemia without a preceding thrombocytopenic phase has 

also been described[55]. No congenital anomalies have been definitively linked to CAMT; 

however, strabismus, cardiac and brain malformations were seen in isolated cases[35]. There 

is an increased risk of evolution to MDS/AML, and of acquisition of clonal cytogenetic 

abnormalities[56]. The diagnosis is established by identifying homozygous or compound 

heterozygous mutations in MPL.

4.8) Diamond-Blackfan Anemia (DBA)

DBA is an inherited BMFS characterized by red cell failure, congenital anomalies and 

increased incidence of cancer[36], with an incidence of 5–10 per one million births[57]. 

Classically thought to be caused by haploinsufficiency of one of a number of ribosomal 

proteins, a recent study identified mutations in GATA-1 erythroid transcription factor in an 

X-linked, DBA-like syndrome[58]. To date, mutations in ten genes have been linked to 

DBA, accounting for 60% of DBA cases. Although the majority of patients present with 

anemia in the first year of life, subtle cases of DBA can present in adulthood or can remain 

clinically unapparent[18, 29, 59]. Approximately half of DBA patients have congenital 

anomalies including craniofacial, skeletal, genitourinary and cardiac[36]. DBA patients have 

a 287-fold increased risk of MDS and a 28-fold increased risk of AML; there a 5.4-fold 

higher risk of all cancers compared to the general population[60]. The diagnosis of DBA is 

established in the presence of a macrocytic anemia, erythroid aplasia, and laboratory testing 

showing an elevated fetal haemoglobin (HbF) and erythrocyte adenosine deaminase (eADA)

[36]. With the improving understanding of genetic defects in DBA and with the increasing 

availability of genetic testing, we expect that molecular diagnosis will soon become a 

clinical standard for the majority of DBA patients.

4.9) Severe Congenital Neutropenia (SCN)

SCN is a heterogeneous group of genetic disorders leading to peripheral neutropenia and 

increased risk of infections, with an estimated incidence of 1 per 100,000 to 200,000 

births[38–39]. Originally described by Kostmann in 1956[61], the now eponymous 
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autosomal dominant syndrome is caused mutations in the neutrophil elastase gene ELANE, 

leading to myeloid differentiation arrest at the promyelocyte stage[38]. More recently, SCN 

has been linked to mutations in other genes, including CSF3R, HAX1, G6PC3, GFI1, and 

WAS[38–39]. Classically, patients present in early childhood with non-cyclical neutropenia, 

aphthous stomatitis and bacterial infections[38–39]. Clinical severity can vary, and a 

delayed presentation of Kostmann syndrome with recurrent stomatitis and neutropenia in 

young adulthood has been reported[62]. The risk of evolution to MDS/AML is estimated at 

21%–40% at 10 years, with an increased risk in patients on long-term granulocyte colony 

stimulating factor (G-CSF) therapy, particularly in poorly-responding patients[63–65]. 

Somatic gain-of-function mutations in CSF3R are frequently seen, and may cooperate with 

downstream mutations such as RUNX1 to further dysregulate CSF signaling and promote 

leukemogenesis[66–68]. SCN is diagnosed based on clinical presentation, bone marrow 

findings, and molecular sequencing of the SCN-associated genes.

4.10) Shwachman-Diamond Syndrome (SDS)

SDS is an autosomal recessive BMFS, characterized by exocrine pancreatic insufficiency 

and BMF, with an incidence of 1 in 77,000 to 200,000 births[37]. Over 90% of cases have 

been linked to bi-allelic mutations in the Shwachman–Bodian–Diamond Syndrome (SBDS) 

gene, which is involved in ribosome assembly and stress response[37]. Patients typically 

present in childhood with cytopenias, pancreatic insufficiency, failure to thrive, skeletal 

anomalies, and mental retardation; late presentations with hypoplastic MDS and AML in 

young adulthood have been documented[69]. The risk of evolution to MDS is 8.1% and 

36% at 10 and 30 years, respectively[37]. Classic cytogenetic abnormalities in SDS include 

del(20)(q11) and isochromosome i(7)(q10) (a region containing the SBDS gene); these may 

be transitory and frequently have an indolent phenotype[70–72]. The incidence of cancer in 

SDS is unknown, although there are emerging reports of solid tumors in SDS patients. SDS 

is diagnosed clinically based on the hematologic and pancreatic findings, followed by 

molecular confirmation of homozygous or compound heterozygous mutations in the SBDS 

gene[37].

5) Summary

In conclusion, hereditary BMFS and familial MDS/AML syndromes are a heterogeneous 

group of genetic disorders which may present with MDS in both pediatric and adult patients. 

A diagnosis of a genetic predisposition syndrome in a patient with MDS carries important 

critical implications for decisions on MDS therapy and HSCT, cancer surveillance, and 

genetic counselling. Because of the risk for life-threatening toxicities with inappropriate 

therapy, all pediatric and adult MDS patients under the age of 50 years, without a history 

indicative of treatment-related MDS, should be evaluated for an underlying predisposition 

syndrome and tested to exclude FA, DC and GATA2 haploinsufficiency. With the increased 

integration of molecular testing and next-generation sequencing in clinical practice, we 

anticipate that more adult patients presenting with MDS will be diagnosed with a genetic 

predisposition syndrome; cautious interpretation of any identified gene mutations will be an 

ongoing challenge.
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Practice Points

• In children and younger adults, MDS is strongly associated with cytotoxic 

exposures, classic hereditary BMFS and non-syndromic familial MDS/AML 

syndromes.

• A diagnosis of a genetic predisposition syndrome in a patient with MDS may 

have immediate practical implications for decisions for MDS therapy, HSCT 

considerations (including timing of transplant, donor selection, conditioning 

regimen, and expected toxicities), cancer surveillance, and genetic counselling 

of patient and their family.

• Because of the risk for life-threatening toxicities with inappropriate therapy, all 

pediatric and adult MDS patients under the age of 50 years, without a history 

indicative of treatment-related MDS, should be evaluated for an underlying 

predisposition syndrome and tested to exclude FA, DC and GATA2 

haploinsufficiency.

• Clinical history suggestive of an underlying genetic predisposition syndrome 

includes a personal or family history of cytopenias, congenital anomalies and 

associated clinical conditions, family history of MDS/AML at a young age, and 

signature cytogenetic and molecular findings.

• With the increased integration of molecular testing and next-generation 

sequencing in clinical practice, we anticipate that more adult patients presenting 

with MDS will be diagnosed with a genetic predisposition syndrome; cautious 

interpretation of any identified gene mutations will be an ongoing challenge.
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Research Agenda

• Identification of genes and pathways underlying development of MDS

• Identification of familial MDS/AML predisposition syndromes

• Identification of modifier genes that may determine the penetrance and age of 

onset of BMF and MDS in patients with a genetic predisposition syndrome

• Epidemiologic studies of predisposition syndromes, including disease 

penetrance

• Optimal surveillance and timing of HSCT in patients with MDS predisposition 

syndromes

• Identification of therapeutic targets to prevent progression, and to treat and 

reverse disease
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Figure 1. Primary and Secondary Myelodysplastic Syndromes

Babushok and Bessler Page 16

Best Pract Res Clin Haematol. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. A Schematic Diagram of Relative Incidence of Primary MDS and MDS Secondary to 
Genetic Predisposition Syndromes
Primary MDS (dashed line, gray bar), the most common type of MDS diagnosed in the 

elderly, is thought to be multifactorial and to arise due to the cumulative age-related genetic 

damage. In contrast, in children and younger adults, MDS is strongly associated with 

cytotoxic exposures (not shown), and genetic predisposition syndromes (solid line, black 

bar), including the classic hereditary BMFS and the nonsyndromic familial MDS/AML 

syndromes.
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Figure 3. Proposed Algorithm for Evaluation of Genetic Predisposition Syndromes in a Patient 
with MDS
Because of a risk of life-threatening toxicities with inappropriate therapy, all pediatric and 

younger adult patients presenting with MDS should be systematically evaluated for an 

underlying predisposition syndrome. We recommend that Fanconi Anemia, Dyskeratosis 

Congenita and GATA2 haploinsufficiency should be ruled out in all MDS patients under the 

age of 50 years who do not have a history of cytotoxic chemotherapy. Clinical history 

suggestive of an underlying genetic predisposition syndrome includes congenital anomalies 

and associated clinical conditions, suggestive family history, and classic cytogenetic and 

molecular findings. Genetic syndromes that are more likely to be encountered as a new 

diagnosis in an adult patient with MDS including Fanconi Anemia, Dyskeratosis Congenita 

and familial MDS/AML syndromes—GATA2 haploinsufficiency, RUNX1-associated FAP/

AML, familial AML with mutated CEBPA, and familial aplastic anemia/MDS with SRP72 

mutation. Although isolated cases of adult presentations of Congenital Amegakaryocytic 

Thrombocytopenia (CAMT), Diamond-Blackfan Anemia (DBA), Severe Congenital 

Neutropenia (SCN) and Shwachman-Diamond Syndrome (SDS) have been reported, a new 

presentation of these syndromes in adult patients is highly unusual.
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Table 1

Clinical Significance of an Underlying Genetic Predisposition Syndrome in a Patient with MDS

Choice of MDS therapy

Considerations for HSCT

  Timing of transplant

  Choice of conditioning regimen

  Donor selection

  Unique transplant-related complications

  Prognosis

Cancer surveillance

Pre-implantation genetics

Genetic counseling of patient and family
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Table 2

Clinical Findings Suggestive of a Possible Genetic Predisposition Syndrome in a Patient with MDS

• Early age of onset of MDS (e.g. 50 years and younger)

• Classical cytogenetic abnormalities (e.g. translocations of chromosome 1q, gains of 3q,isochromosome 7, isolated monosomy 7)

• Bi-allelic mutations in AML cells in genes associated with familial MDS/AML syndromes (RUNX1, CEBPA)

• Congenital malformations (e.g. congenital heart defect, radial or thumb anomalies)

• Unusually short stature or dysmorphic features

• Classical mucocutaneous findings (e.g. café-au-lait spots, nail dystrophy, skin hypopigmentation)

• Associated co-morbidities (e.g. pulmonary fibrosis, endocrinopathies, premature ovarian failure, lymphedema)

• Unusually severe complications of radiation or chemotherapy

• Family History:

– MDS/AML

– Cytopenias

– Cancer

♦ Early age of onset

♦ Multiple, bilateral, or metachronous tumors

♦ Rare cancers

♦ Many individuals affected by a common tumor type

♦ Unusually severe complications of chemotherapy or radiation

– Congenital malformations

– Pulmonary fibrosis

– Consanguinity
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