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ABSTRACT

The inherited bone marrow failure syndromes (IBMFS) are a heterogeneous group of genetic
disorders characterized by the inadequate production of at least one of the hematopoiet-
ic lineages, leading to the development of both isolated cytopenia (anemia, neutropenia,
or thrombocytopenia) or pancytopenia. Different biological mechanisms justify the patho-
physiological changes found in the IBMFS, emphasizing the repair pathways in Fanconi ane-
mia (FA), maintenance of telomeres in congenital dyskeratosis, and ribosome biogenesis in
Shwachman Diamond syndrome (SSD) and Blackfan Diamond anemia. These disorders are
generally associated with the presence of congenital malformations and an increased risk of
cancer, mainly hematological, gynecological, and head and neck neoplasms. Although the
diagnosis occurs typically in childhood, adult patients, mostly below 40 years of age with
signs and symptoms suggestive of IBMFS, should be investigated. Currently, hematopoietic
stem cell transplantation (HSCT) is the only curative option for hematological complications
related to IBMFS. It is essential to highlight that these patients must be monitored through-
out their lives to prevent or detect early treatable neoplasia.
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INTRODUCTION

The inherited bone marrow failure syndromes
(IBMFS) are genetic disorders characterized by inade-
quate blood cell production, usually associated with
physical malformations and a predisposition to can-
cer [1,2] IBMFS often presents with isolated cytope-
nia (pure red cell aplasia, neutropenia, or thrombo-
cytopenia) that may progress to pancytopenia over
time (3) Although the diagnosis is usually performed
in childhood, an increasing number of patients with
IBMFS may present to adult hematologists with atyp-
ical presentations. [1,4] Significant overlap between
these syndromes is usually observed, and a correct
diagnosis is critical to allow for adequate treatment,
genetic counseling, and long-term surveillance for

cancer. The patient and the family’s history need to
be carefully investigated to detect the presence of
bone marrow failure, hematological malignancies,
pulmonary or hepatic abnormalities, and cancer in
other members of the family. Patients with IBMFS
should undergo a comprehensive evaluation, and a
review of systems involved in these syndromes was
recently published by Alter in 2017 [5]. As many in-
dividuals lack a specific phenotype and may appear
normal, screening family members is essential to ex-
clude them as potential donors.

Over the last few decades, there has been consider-
able improvement in elucidating the genetic aspects
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related to IBMFS, leading to significant progress in
better understanding the normal hematopoiesis
and how this affected patients with bone marrow
failures. These advances provided valuable infor-
mation about the different biological mechanisms
involved in IBMFS, such as the repair mechanism in
FA, the maintenance of telomeres in DC, and the bio-
genesis of ribosomes in Shwachman Diamond syn-
drome (SDS) and DBA [3,6]. Hematopoietic stem cell
transplantation (HSCT) is a potentially curative treat-
ment for the hematological complications related to
the IBMFS [7]. Results are excellent when patients are
transplanted from matched donors before complica-
tions related to previous infections, transfusions, or
clonal evolution are detected. Challenges include
the treatment of adult patients, patients with ad-
vanced diseases, and the treatment of cancer. An ad-
ditional concern is the potential of the HSCT proce-
dure, including conditioning regimen, infection, and
chronic graft versus host disease (GvHD), to increase
the risk of malignancies [2,7]. As a general rule, ra-
diation containing regimens should be avoided for
all patients with IBMFS, and bone marrow is consid-
ered the preferred stem cell source [7]. While the use
of related cord blood from unaffected matched re-
lated donors is associated with excellent transplant
outcomes, unrelated umbilical cord blood should be
avoided whenever possible [7-9]. Increasing aware-
ness of these diseases is of utmost importance, and
the decision to proceed with the transplant must be
made by a multidisciplinary team. Also, HSCT should
be performed in specialized centers, with particular
attention to early and long-term toxicity and life-
long medical surveillance for secondary neoplasms.
In this paper, we summarize the information and re-
cent advances regarding HSCT for IBMFS.

FANCONI ANEMIA

Fanconi anemia (FA) is a chromosomal instability
syndrome resulting from a DNA damage repair de-
fect. [10]. It is considered the most frequent IBMFS
and is characterized by progressive BMF, various
congenital abnormalities, and a predisposition to
developing malignancies, especially myelodyspla-
sias, acute leukemias, tumors of the head and neck,
and gynecological cancers [11]. Patients with FA usu-
ally present with a clinical manifestation variable like
short stature, skin abnormalities, a triangular “Fan-
coni”face, upper limb abnormalities, renal and heart
anomalies, genitourinary abnormalities, and cardi-
ac defects [12,13]. Endocrinological complications
are also persistent before and after transplant in FA
patients. The majority exhibit at least one difficulty,
such as growth hormone deficiency, hypothyroid-

ism, dyslipidemia, hypogonadism, and infertility [14].
The risk of insulin resistance and abnormal glucose
metabolism is also higher and may be aggravated
by GVHD treatment with steroids [14]. Patients with
FA should be evaluated annually and, when neces-
sary, treated according to the recommendation for
the general population [15]. HSCT outcomes have
improved dramatically over the past decades, and
it is indicated when patients develop pancytopenia,
MDS, or acute myeloid leukemia (AML). Overall sur-
vival after HSCT for young patients transplanted in
aplasia from matched related or matched unrelated
donors with 80-90% overall survival in experienced
centers [16-18].

Currently, RIC regimens are considered standard. In
addition, for matched related transplantation, the
use of low dose cyclophosphamide with or without
fludarabine and r-ATG is sufficient to achieve excel-
lent engraftment and low incidence of GVHD [17].
It is essential to remind that irradiation is not neces-
sary for the conditioning regimen for this group of
patients [19]. Curitiba’s group has transplanted 91
patients in aplastic phase using CY 60mg/kg with or
without ATG with an excellent 95% overall survival
and a median follow-up of 7 years [20].

Although HSCT outcomes are excellent for patients
in aplastic phase transplanted below the age of
10, transplant strategies for adults and those with
advanced diseases need to be improved. A recent
publication by Bearings et al., including almost 200
adults, demonstrated an overall survival and non-re-
lapse mortality at four years of 38% and 51%, respec-
tively. Factors associated with improved outcomes in
multivariate analysis were the use of fludarabine and
an HLA-matched donor [16]. FA patients with a clon-
al evolution have a dismal prognosis, usually relat-
ed to increased toxicity to the preparatory regimens
and higher risk of relapse [15,21]. To improve out-
comes for this group of patients, the French and Bra-
zilian groups treated 18 patients with FA in advanced
MDS or AML with FLAG chemotherapy followed by
sequential HSCT in aplastic phase using a RIC regi-
men. With this approach, the 3-year cumulative in-
cidence of relapse and progression-free survival was
13% and 53%, respectively [22]. Patients without a
matched related or unrelated donor may also ben-
efit from haploidentical transplants performed with
or without in vivo T cell depletion [23,24]. Bonfim et
al. demonstrated a one-year OS of 73% (95% Cl, 64%
to 81%) using a modified haplo-PTCY platform [24].
These results were also achieved by Ayas et al. using
a similar haplo-PTCY platform with an overall surviv-
al of almost 90% in 19 patients [25].
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Patients with FA are expected to live longer, and
the risk of cancer increases with age. Long-term fol-
low-up is essential in this population with particular
attention to detect cancer and other specific com-
plications. Thus, dental and head and neck physician
exams should be done every [6-12] months. Early de-
tection of cancer with brushing/biopsy of suspicious
lesions and consequent treatment (surgery) is asso-
ciated with better results considering the patients
do not tolerate irradiation or chemotherapy [26,27].
Also, new drugs may have less side effects and may
be very useful to treat cancer [28]. Importantly, pa-
tients whose FA is due to mutations in FANCD1/
BRCA2 or FANCN/ PALB2 need genotype-specific
cancer screening because of increased risks of me-
dulloblastoma, Wilms tumor, and other cancers [26].

DYSKERATOSIS CONGENITA

Dyskeratosis congenital (DC), a severe form of telo-
mere biology disease (TBD), is a rare IBMFS charac-
terized by abnormal skin pigmentation (reticulated
skin hyperpigmentation), nail dystrophy, and oral
leukoplakia. DC is frequently associated with BMF
and organ involvement, mainly pulmonary fibrosis
and liver abnormalities. There are two severe forms
of DC; Hoyeraal Hreidarsson syndrome (HHS), a clas-
sical DC disease associated with BMF, intrauterine
growth retardation, microcephaly, and cerebellar hy-
poplasia, and Revesz syndrome (RS), which is related
to progressive bilateral exudative retinopathy (Coats
retinopathy), intrauterine growth retardation, fine,
sparse hair, fine reticulate skin pigmentation, ataxia
secondary to cerebellar hypoplasia and cerebral cal-
cifications [29,30].

Bone marrow failure and hematologic malignan-
cies (MDS or AML) represent the main indication for
HSCT. Although transplant is the only curative option
for DC, the results are still disappointed with a poor
long-term survival rate. Pulmonary and vascular
complications, hepatic cirrhosis, graft failure, graft-
versus-host disease (GVHD), and sinusoidal obstruc-
tion syndrome still represent the most important
causes of morbidity and mortality after transplant,
which explain the disappointing long term survival
[31-33]. Gadalla et al. studied 34 cases who under-
went HSCT between 1981 and 2009 and demonstrat-
ed a probability of overall survival of 70, 57, and 15%
in 1,5, and 12 years respectively. In this study, almost
80% of patients received a myeloablative condition-
ing regimen, and the authors highlighted the severe
transplant-related toxicities observed over the years.
[34] Similar results were published by Barbaro et al.,
where the long-term cumulative survival rates were

57% and 23% at 5 and 10 years post HSCT in a se-
ries of 109 cases [32]. Considering these poor results,
some groups have recommended reduced-intensity
conditioning containing fludarabine as a standard
regimen [35,36]. Regarding a Brazilian experience,
the OS of 28 patients transplanted for TBD in Curiti-
ba between 1993 and 2019 was 53,6% at a median
follow-up of 6 years [371].

DIAMOND BLACKFAN ANEMIA

Diamond-Blackfan anemia (DBA) is a rare inherit-
ed red cell aplasia caused by an intrinsic defect of
erythropoietic progenitors leading to severe anemia
in early infancy ninety percent of the patients diag-
nosed within the first year of life [38,39]. Currently,
DBA is classifying as a “ribosomopathy” once haplo-
insufficiency of either a small or large subunit-asso-
ciated ribosomal protein is present in the majority of
patients [38,40]. Diagnosis should be suspected in all
children under one year of age presenting with mac-
rocytic or normocytic anemia and reticulocytopenia,
with normal marrow cellularity and a decrease or
absence of red cell precursors in the bone marrow
[41]. Approximately 50% of patients have congenital
anomalies associated [41]. Similar FA and DC, DBA is
considered a cancer predisposition syndromes, with
a higher risk of hematologic (AML) and solid tumor
(colon carcinoma and osteogenic sarcoma) devel-
opment [42,43]. The therapeutic approach is based
on red cell transfusions, corticosteroid therapy, and
HSCT. Steroids, considered the first-line treatment
with about 80% success response, should be started
in the second year of life considering its negative ef-
fect on infants’physical and neurocognitive develop-
ment. Thus, red cell transfusions are used mainly in
infants and patients refractory to corticosteroid ther-
apy [41,44,45]. HSCT, potentially curative treatment
for DBA, is indicated for patients who are non-re-
sponse to steroids or remain transfusion-dependent
despite the use of steroids (dose requirement >0.3
mg/kg/day). Other indications are erythroid alloim-
munization, progressive pancytopenia, and progres-
sion to SMD / AML [7,46]. HSCT should preferably be
performed between 2 and 5 years, as older patients
tend to have a worse evolution due to iron overload
and alloimmunization [7,47].

In the last decades, HSCT has been employed with suc-
cess in DBA patients. In 2006, data from North Amer-
ican DBA Registry reported an OS of 73% with MSD
and 19% with alternative donors (P=0.01) (48). Besides,
the International Bone Marrow Transplant Registry,
published in 2005 a 3-year OS of 64% (76% for MSD
and 39% for alternative donor transplants) while the
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Italian Group (AIEOP HSCT Registry) reported an OS
of 74,4% in patients transplanted between 1990 and
2012 [47,49]. All of these findings are similar to those
published by the Pediatric Study Group of the Brazil-
ian Society of Bone Marrow Transplantation (SBTMO),
which included 44 patients and had a 5-year OS of 70%
(95% Cl: 57 — 85%) in pediatric patients transplanted for
DBA in Brazil. It was 80% (95% Cl: 65-97%) from an MSD
(n=25), 73% (95% Cl: 52-100%) from a MUD (10/10 HLA
Matched, n=12) and 29% (95% Cl: 9-92%) from a MMD
(n=7) [50]. Recently German DBA group and French
HSCT registries published an excellent OS of 91% (95%
Cl: 84-98%) with a median follow-up of 4.5 years [51].
Myeloablative conditioning with busulfan-based reg-
imens is currently recommended for patients with
DBA, although treosulfan-based reduced-toxicity reg-
imens have been demonstrating promising results
[7,51,52]. It is important to keep in mind that the use
of intravenous busulfan and adjustable pharmacoki-
netic monitoring correlates with better OS and EFS in
children transplanted for non-malignant diseases like
DBA [53,54]. Patients with DBA should benefit from a
pretransplant and early posttransplant iron chelation
therapy once the high iron overload is associated with
inferior outcomes after HSCT [55,56]

SHWACHMAN-DIAMOND SYNDROME

Schwachman-Diamond syndrome (SDS) is a rare au-
tosomal recessive disorder caused by mutations in
the Shwachman-Bodian-Diamond Syndrome (SBDS)
gene localized on chromosome 7 and found in 90%
of the cases. It is characterized by exocrine pancre-
atic dysfunction with malabsorption, skeletal ab-
normalities, BMF, and predisposition to hematologic
neoplasia [57,58]. In addition, like DBA, the molec-
ular pathogenesis of SDS is associated with defec-
tive processing of rRNA and ribosome assembly.
Some patients’ clinical manifestations include short
stature, with metaphyseal dysostosis, particularly at
the hips and femurs in about half the patients, vari-
able immune dysfunction, delayed dentition, and
structural and functional abnormalities of the liver.
Neutropenia is the most common hematological ab-
normality, although they may have other cytopenias
present in up to 80% of the patients [59].

HSCT is the only potentially curative treatment for
SDS and should be recommended for all patients
with progressive pancytopenia and clonal evolution,
mainly acute leukemia, and MDS. HSCT should also
be considered for patients refractory to high doses
of G-CSF (10 pg/kg or more per injection at least
three months a year) to maintain protective neutro-
phil values (between 1.0 and 5.0 x 109/L), [5,7,60].

A RIC regimen is considered standard once patients
with SDS are more susceptible to transplant-related
toxicity, especially cardiac and pulmonary toxicities
[61,62]. Recently, Cesaro et al. published the results
of 74 patients with SDS treated with HSCT between
1988 and 2016. The 5-year overall survival and
non-relapse mortality were 63.3% (95% Cl 50.8-73.4)
and 19.8% (95% Cl 10.8-30.8), respectively [60].

CONGENITAL AMEGAKARYOCYTIC THROMBO-
CYTOPENIA

Congenital amegakaryocytic thrombocytopenia
(CAMT) is a rare IBMFS caused by mutations in the
gene coding for the thrombopoietin receptor MPL. It
is characterized by isolated thrombocytopenia and a
reduction or absence of megakaryocytes in the bone
marrow. Most patients develop hypocellular bone
marrow and progressive pancytopenia within the
first decade of life. Unlike other IBMF, clonal evolu-
tion is an infrequent event [63-65]. HSCT is the only
curative therapy for CAMT. As with many rare genetic
disorders, there are only a few reports about HSCT
for CAMT in the literature since the first case in 1990.

Nevertheless, the transplant should be offered to
patients with transfusion-dependent thrombocyto-
penia or alloimmunization, pancytopenia, or clonal
evolution (MDS or AML) [64,65]. As for other IBMF
syndromes, HSCT from an HLA- matched sibling is the
treatment of choice for SAA while Matched [10/10)]
unrelated donor is an acceptable choice. MAC con-
ditioning based on fludarabine and either busulfan
or treosulfan is considered standard [7,64-66]. Until
now, increased regimen toxicity usually present in
Fanconi anemia, and DC has not been reported with
MAC [67]. Regarding UCB, a report from the Eurocord
group suggests that UCB transplantation is a reason-
able option for patients with CAMT, mainly if a sibling
donor is used [8]. On the other hand, data from unre-
lated HSCT demonstrated inferior results [65].

SEVERE CONGENITAL NEUTROPENIA

Severe neutropenia is a heterogeneous group of con-
genital disorders characterized by impaired matura-
tion of neutrophil granulocytes and persistent abso-
lute neutrophil count (ANC) of less than 0.5 x 10 9 /L.
Among several associated genetic mutations, ELANE
and HAX1 genes are responsible for 60% of cases.
Usually, clinical manifestations include bacterial in-
fections, including deep tissue infections, sepsis, and
fever. The regular use of granulocyte colony-stimu-
lating factor (G-CSF) is routine [68,69]. An additional
concern, clonal evolution (leukemia and MDS) affects
about 10% of patients [70]. Despite the excellent re-
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sults achieved using G-CSF therapy, HSCT is still con-
sidered the only curative treatment. Currently, non-re-
sponse to G-CSF treatment, and patients who develop
AML or MDS are the main indications for transplanta-
tion. Bone marrow is considered the standard stem
cell source, and myeloablative conditioning, usually
with busulfan and Cyclophosphamide, and GVHD
prophylaxis regimen consist of CSA and methotrexate
are preferred. [7,71]. In 2015, Fioredda et al. reported
the analysis of 136 patients transplanted from 1990
and 2012 by the European Bone Marrow Transplant
group. The 3-year overall survival was 82 % and TRM
17 %. In multivariate analysis, HSCT below ten years
of age from a matched related or unrelated donor in
recent years was associated with better results (71).

CONCLUSION

The IBMFS is a group of rare genetic diseases associ-
ated with inadequate blood cell production, and up
until now, allogeneic HSCT is considered the only cu-
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