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INTRODUCTION
Bone marrow failure (BMF) is a rare but life-threatening 

disorder caused by ineffective/defective hematopoiesis of the 
bone marrow (BM) leading to (pan)cytopenia in the periph-
eral blood (PB).1,2   The presence of BMF is an important 
indication for BM biopsy.   In both children and adults, BMF 
can be attributed to a variety of causes, either acquired or 
inherited.   However, inherited BMF (IBMF) syndromes are 
more frequent in children.1,2   IBMF syndromes are a hetero-
geneous group of genetic diseases characterized by BMF, 
physical abnormalities, and predisposition to malignancy.1,3   
An accurate diagnosis is essential, as patients with IBMF 
syndromes need disease-specific management, surveillance, 
and genetic counselling.

In the practical setting, differentiating IBMF syndromes 
from acquired aplastic anemia (AA) and refractory cytopenia 
of childhood (RCC) is the most important step.4   BM in 
IBMF syndromes usually exhibits hypocellularity with or 
without dysplastic changes.   Overlapping features, such as 
BM hypocellularity and/or dysplastic changes, make the dis-
tinction from AA and RCC challenging.   Furthermore, 
depending on the disease stage, the BM in the IBMF syn-
dromes may demonstrate progression to secondary myelo-
dysplast ic  syndrome (MDS),  which should also be 

differentiated from primary MDS, including RCC.   Thus, 
concurrent assessment along with clinical features, physical 
anomalies, and laboratory/genetic findings is essential for 
BM evaluation.   

RCC is a low-grade MDS in children and adolescents that 
has been proposed as a provisional entity.4,5   It has been 
defined as a histomorphologically distinct entity and, for its 
diagnosis, BM histological evaluation is mandatory.5,6   
Therefore, understanding the BM histopathology in the 
above-mentioned diseases causing BMF is critical and can 
aid in the differential diagnosis.   However, detailed BM his-
topathological features have not been characterized, as 
descriptions of BM histopathology are very limited due to the 
rarity of the diseases.

In this review, the histopathological features of BM in 
RCC, AA, and the four most common IBMF syndromes: 
Fanconi anemia (FA), dysketatosis congenita (DC), 
Diamond-Blackfan anemia (DBA), and Shwachman-
Diamond syndrome (SDS) are described in detail, partly 
according to the author’s experience.   An overview, includ-
ing the clinical features and diagnosis, is also provided.
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Bone marrow failure (BMF) is a rare but life-threatening disorder that usually manifests as (pan)cytopenia.   BMF can be 
caused by a variety of diseases, but inherited BMF (IBMF) syndromes are a clinically important cause, especially in children.   
IBMF syndromes are a heterogeneous group of genetic disorders characterized by BMF, physical abnormalities, and predisposi-
tion to malignancy.   An accurate diagnosis is critical, as disease-specific management, surveillance, and genetic counselling are 
required for each patient.   The major differential diagnoses of IBMF syndromes are acquired aplastic anemia (AA) and refrac-
tory cytopenia of childhood (RCC).   These diseases have overlapping features, such as BM hypocellularity and/or dysplastic 
changes, which make the differential diagnosis challenging.   RCC has been defined as a histomorphologically distinct entity.   
Therefore, understanding the BM histopathology of these diseases is essential for the differential diagnosis.   However, the BM 
histopathological features have not been characterized in detail, as descriptions of BM histopathology are very limited due to 
the rarity of the diseases.   This review provides a detailed description of the BM histopathology in cases of RCC, AA, and the 
four most common IBMF syndromes: Fanconi anemia (FA), dysketatosis congenita (DC), Diamond-Blackfan anemia (DBA), 
and Shwachman-Diamond syndrome (SDS).   An overview, including the clinical features and diagnosis, is also provided.
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REFRACTORY CYTOPENIA OF CHILDHOOD 

Clinical features

RCC was first cited as a provisional MDS entity in the 
2008 WHO classification5 and is still included as a provi-
sional entity in the revised edition as well.4   This entity was 
proposed by the pathologists of the European Working Group 
of MDS of Childhood (EWOG-MDS) in order to discrimi-
nate MDS patients from AA patients.5,6   AA is considered to 
be an autoimmune-mediated disorder, whereas MDS is 
caused by a clonal stem cell defect and has the potential to 
progress to an advanced disease.   

BM biopsy specimens for AA characteristically exhibit 
either severe hypoplasia or aplasia of hematopoietic cells.   
However, patchy foci of erythroid precursors in the fatty BM 
of AA patients may be observed.   Historically, such erythro-
poietic foci and/or dyserythropoiesis were accepted as fea-
tures of AA, and only the presence of micromegakaryocytes 
was considered to be a hallmark of MDS.6   However, some 
patients with AA may be less responsive than others to 
immunosuppressive therapy (IST) and develop clonal pro-
gression.   This suggests that there is a group of MDS 
patients with an underlying clonal stem cell defect among 
those previously diagnosed with AA.   Thus, in an attempt to 
discriminate MDS from AA, the EWOG-MDS proposed 
RCC.5,6   According to the proposed criteria, patchy foci of 
erythroid precursors in an otherwise hypoplastic BM should 
not be present in AA, but are in RCC.

RCC is a low-grade MDS in children and adolescents, 
and the most common subtype of MDS in that age group, 
accounting for 50%-90% of all MDS cases in children.4,7   
The annual incidence of de novo MDS in a Japanese prospec-
tive registry study was 78 cases, more than 90% of which 
were RCC.7

The clinical symptoms are usually related to cytopenia 
such as  anemia,  b leeding tendency,  and infect ion.   
Approximately 20% of patients have no clinical symptoms or 
signs.8   In contrast to the disease in adults, pancytopenia is 
more frequently present.   The severity of cytopenia is often 
milder in RCC than in AA.7   The mean capsular volume and 
hemoglobin F (HbF) are usually elevated.9   Moreover, con-
genital abnormalities are observed in some patients.8

Monosomy 7 is the most frequent cytogenetic abnormal-
ity, being observed in 8%-48% of RCC patients, followed by 
trisomy 8 and other abnormalities, including complex karyo-
types.8-10   Unlike in adults, del(5q) is exceedingly rare in 

children.9   Disease progression occurs in 12%-32% of RCC 
patients.8,10   Patients with monosomy 7 are more likely to 
develop disease progression than those with other chromo-
somal abnormalities or with a normal karyotype.8,10   The 
overall survival is 82% at 5 years10 and 48% at 10 years.8   
The causes of death include complications of pancytopenia, 
progression to advanced clonal disease, hemophagocytic syn-
drome after chemotherapy, and transplantation-related 
causes.8,10

Diagnosis

RCC has been defined as persistent cytopenia with <2% 
blasts in the PB, <5% blasts in the BM, and dysplastic 
changes in ≥2 cell lineages or ≥10% dysplastic change within 
one cell lineage on BM aspirate smears.4,5   The presence of 
dysplasia without an increase in the blast count is a character-
istic feature and required for the diagnosis of RCC, but this is 
only one morphological aspect of RCC and is not sufficient 
for a diagnosis.   Histomorphological evaluation of an ade-
quate BM trephine biopsy specimen is mandatory for a diag-
nosis.   The minimal diagnostic criteria for RCC have been 
provided (Table 1A).4,5   Furthermore, differential diagnosis 
between AA and hypoplastic RCC has been described in 
detail, as approximately 80% of children with RCC have BM 
hypocellularity (Table 1B).5,9

In addition to differentiation from AA, RCC must also be 
discriminated from other disorders, including IBMF syn-
dromes, infection, nutritional deficiencies, and metabolic dis-
eases.5   These disorders have overlapping features with 
RCC, such as a hypocellular BM and/or dysplastic changes, 
and are indistinguishable from each other by morphological 
features alone.   The clinical course, family history, physical 
examination, and laboratory and genetic testing results are 
also required before a diagnosis of RCC can be concluded.   
Down syndrome patients are excluded from this entity.   

Some patients with RCC also meet the criteria for refrac-
tory cytopenia with multilineage dysplasia (RCMD), which 
has been defined as low-grade MDS in adults, synonymous 
for MDS with multilineage dysplasia in the 2017 WHO clas-
sification.11   It is presently recommended that cases that fit 
the criteria for RCMD be considered RCC until the prognos-
tic significance of multilineage dysplasia can be fully 
evaluated.4,7

Histopathology

The minimal histological criteria for RCC4,5 are shown in 
Table 1A.   The BM of RCC demonstrates hypo-, normo-, or 

Cellularity Erythropoiesis Granulopoiesis Megakaryopoiesis

Variable A few clusters of ≥20 erythroid precursors.
Arrest in maturation, with increased number of 
proerythroblasts.
Increased number of mitoses.

No minimal diagnostic criteria Unequivocal micromegakaryocytes;
immunohistochemistry is obligatory (CD61, 
CD41, CD42b); other dysplastic changes in 
variable numbers

Table 1A. Bone marrow minimal histological criteria for refractory cytopenia of childhood.4,5

Refractory cytopenia of childhood is defined as persistent cytopenia with <5% blasts in bone marrow and <2% blasts in peripheral 
blood. The criteria of dysplasia must be fulfilled in ≥2 cell lineages or ≥10% of cells within one cell lineage on bone marrow aspi-
rate smears.
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hypercellularity, although approximately 80% of patients 
have BM hypocellularity (Fig. 1).9   The distribution of 
hematopoiesis depends on the BM cellularity.   A patchy dis-
tribution is typically seen in hypocellular BM specimens, and 
as the BM cellularity increases, the diffuse area becomes 
more prominent (Fig. 1).

As described in the criteria (Table 1A), erythroid cells 
with impaired maturation are essential for the diagnosis of 
RCC and invariably identified, regardless of BM cellularity.9   
In hypoplastic RCC, clusters of at least 20 erythroid precur-
sors with increased proerythroblasts are distributed in a 
patchy pattern (Fig. 2).5,9   In contrast, in normo- or hypercel-
lular BM of RCC, clusters of erythroid precursors are more 
numerous and larger in size (Fig. 2).   Abnormal localization 
of erythropoiesis in the paratrabecular region is often 
observed (Fig. 3), with the erythroid cells being occasionally 
positive for HbF on immunostaining.

Granulopoiesis is usually decreased in RCC, although no 
minimal histological criteria have been established.4   In 
hypoplastic RCC, granulopoiesis is almost always decreased 
and sparsely distributed.   In RCC cases with normo- or 
hypercellular BM, granulopoiesis may be slightly decreased 
and is often intermingled with erythroid clusters (Fig. 4).   
Regardless of the BM cellularity, left-shifted granulopoiesis 
is often observed.   Left-shifted granulopoiesis is easily iden-
tified in BM aspirate smears, but it can be observed even in 

BM biopsy specimens, where myeloid precursors are more 
prominent than banded or segmented myeloid matured cells 
(Fig. 4).   Clusters of myeloblasts are not found in RCC,4 
unlike in advanced MDS/acute myeloid leukemia (AML).12

Megakaryocytes may be variable in number but are often 
markedly reduced or absent, especially in BM of hypoplastic 
RCC.5,9   The presence of micromegakaryocytes is not man-
datory, but it is a strong indicator for RCC (Fig. 5).   Abnormal 
localization of megakaryopoiesis in the paratrabecular region 
may be also observed.   Immunohistochemistry (IHC) for 
megakaryocyte-reactive antibodies, such as CD61, CD41, or 
CD42b, is an indispensable method for diagnosing RCC.6 

Lymphocytes, plasma cells, and mast cells may be 
increased in number.   However, no increase in reticulin 
fibers is seen.   

The presence of dyshematopoiesis is critical for the diag-
nosis of RCC.   Dysplastic changes are generally assessed in 
BM aspirate smears, but may even be histologically recog-
nized in BM biopsy specimens.12,13   For example, micro-
megakaryocytes, a manifestation of dysmegakaryopoiesis, 
can be easily detected in BM biopsies using IHC.   Furthermore, 
erythroid hyperplasia with clusters of precursors, left-shifted 
granulopoiesis, and the abnormal localization of erythroid 
cells and megakaryocytes have been regarded as histological 
indicators of dyshematopoiesis,12,13 all of which are detect-
able on BM biopsy.   All of these findings observed in the 

Hypoplastic refractory cytopenia of childhood Aplastic anemia in children

Cellularity Hypocellular > 95% fatty marrow

Dysplastic changea ≥2 cell lineages or ≥10% of cells within one cell lineage None

Blastb <5% No increase

Erythropoiesis Patchy distribution
Left shift
Increased mitoses
Abnormal localizationc

Absent or single small focus;
<10 cells with maturation
No abnormal localizationc

Granulopoiesis Marked decrease
Left shift

Absent or markedly decreased, with very few small foci with 
maturation

Megakaryopoiesis Marked decrease or aplasia
Dysplastic changes
Micromegakaryocytes
Abnormal localizationc

Absent or very few non-dysplastic megakaryocytes 
No abnormal localizationc

Lymphocytes May be increased 
focally or dispersed

May be increased 
focally or dispersed

CD34+precursor 
cells

No increase
No clusters

No increase
No clusters

KIT+ (CD117+) 
precursor cells

No increase No increase

KIT+ (CD117+) 
mast cells

Slightly increased Slightly increased

Table 1B. Comparison of the bone marrow histological features for hypoplastic refractory cytopenia of childhood and aplastic anemia in 
children.4-6,23

a. The number of lineages and percentage of dysplastic change are evaluated on bone marrow aspirate smears.
b. The blast percentage is evaluated in bone marrow aspirates and biopsy.		
c. Abnormal localization indicates the presence of erythopoiesis or megakaryopoiesis in the paratrabecular region.
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Fig. 1.  Refractory cytopenia of childhood (RCC) with variable bone marrow cellularity. Most patients exhibit 
hypocellular bone marrow for their age (A). In some patients, hypercellular areas are present in the marrow (B). 
The distribution of hematopoiesis depends on the marrow cellularity. A patchy distribution is likely seen in the 
hypocellular marrow (C), whereas a diffuse distribution is often present in hypercellular marrow (D). Naphthol 
ASD chloroacetate esterase plus Giemsa double-staining (ASD-Giemsa). (A, B) ×40; (C, D) ×400.

Fig. 2.  Erythropoiesis in RCC. Erythroid clusters with arrested maturation, mainly composed of proerythro-
blasts, are invariably present in a patchy distribution (A). In diffuse areas, erythroid clusters are often larger 
in size and fused with each other, intermingled with granulocytes and megakaryocytes (B). ASD-Giemsa 
staining. (A, B) ×400.

A B

C D

A B
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Fig. 3.  The abnormal localization of erythropoiesis in RCC. Erythropoiesis is often present in the paratra-
becular region, which indicates dyserythropoiesis (A). Erythroid cells are occasionally marked by hemoglo-
bin F immunostaining (B). ASD-Giemsa staining. (A) ×400. Immunohistochemistry. (B) ×400.

Fig. 4.  Granulopoiesis in RCC. Granulopoiesis is 
moderately decreased and intermingled with ery-
throid clusters. Left-shifted granulopoiesis is often 
present where myeloid precursors are prominent. 
Mast cells may be increased in the background. Clot 
section with ASD-Giemsa staining ×400.

Fig. 5.  Megakaryopoiesis in RCC. Immunohistochemistry 
is useful for identifying megakaryocytes. CD42b immunos-
taining clearly indicates a micromegakaryocyte (center, 
arrow) and a megakaryocyte with abnormal localiza-
tion (upper right, arrowhead). Immunohistochemistry 
×400.

A B. HbF

CD42b
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BM of RCC with variable frequency support a diagnosis of 
RCC.   In the author’s experience, these are noted more 
prominently in patients with RCC with hypercellular BM or 
RCC with multilineage dysplasia, some cases of which corre-
spond to RCMD.

IHC targeting cells other than megakaryocytes is also 
useful for the diagnosis of RCC.4   CD34 staining is helpful 
for detecting myeloblasts.12   CD34-positive blasts are not 
increased and should account for <5% of the BM cells in 
RCC.   Detecting ≥5% blasts or clusters of blasts may indi-
cate progression to advanced MDS/AML.   When evaluating 
BM blasts using CD34 staining, one should distinguish 
hematogones, which are also positive for CD34, from 
myeloid blast proliferation.4   KIT (CD117) is also useful for 
detecting myeloblasts.4   KIT-positive myeloblasts should be 
carefully distinguished from mast cells, which are also KIT-
positive and may be increased in the BM of numerous condi-
tions causing BMF.14   The reason for the increase in mast 
cells is unknown, but it may involve the KIT-KIT ligand 
pathway, which is essential for the development of mast 
cells.15   This pathway can be activated under certain BMF 
conditions where the production of the KIT ligand by BM 
stromal cells is elevated.16

The significance of P53 IHC staining in RCC is unclear.   
In adults, P53 may be involved in the disease progression of 
MDS.17   P53-positive cells have been reported to be more 
frequently observed in high-risk MDS than in low-risk MDS, 
and are associated with p53 mutation.17,18   Furthermore, 
p53-positive cells have been identified in the BM of RCC.   
In the author’s experience, RCC generally has few p53-posi-
tive cells, but cell numbers are slightly increased in the 
hypercellular BM of RCC and/or in patients with prominent 

dysplastic changes corresponding to RCMD (Fig. 6).   The 
association of p53 IHC with disease progression and the 
RCC pathogenesis remains unknown.

Cytogenetic abnormalities can also aid in the diagnosis of 
RCC.9   A normal karyotype is observed in more than half of 
RCC cases,9,10 which may make it challenging to differentiate 
RCC from other non-neoplastic conditions.   However, BM 
histology can provide clues supporting an RCC diagnosis, as 
BM hypercellularity and/or the presence of prominent dys-
plas t ic  changes  are  l ikely  involved in  cytogenet ic 
abnormalities.9,10

APLASTIC ANEMIA 

Clinical features

Acquired aplastic anemia (AA) is a rare disorder charac-
terized by pancytopenia with hypocellular BM.   The inci-
dence of AA is higher in Asia than in the West.   Indeed, the 
incidence in Japan is 4.79/million/year,19 whereas that in 
Europe and North America is 2.0/million/year.20   Although 
the reason for the higher incidence in Asia is unknown, the 
involvement of genetic factors, such as genetic polymor-
phism of HLA types and/or cytokine genes, rather than envi-
ronmental factors is suspected.21

Most patients are diagnosed between 10 and 25 years of 
age.22   The clinical signs and symptoms are related to pancy-
topenia.   Children typically present with bleeding tendency, 
fatigue, and infection.   Anemia and thrombocytopenia are 
the most frequent manifestations, but neutropenia is less 
common.   Some patients are diagnosed by incidental laboratory 
findings.23   Hepatosplenomegaly and lymphadenopathy are 

Fig. 6.  P53 immunostaining in RCC. In most cases, p53-positive cells are few (A). However, they often 
increase in cases of hypercellular marrow and/or those with prominent dysplasia corresponding to refractory 
cytopenia with multilineage dysplasia (RCMD) (B). Immunohistochemistry. (A, B) ×400.

A. p53 B. p53
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usually absent.22   A history of jaundice, single-lineage cyto-
penia, or seronegative hepatitis may lead to the diagnosis of 
hepatitis-associated AA.22,23

Clonal hematopoiesis (CH), including paroxysmal noc-
turnal hemoglobinuria (PNH) and MDS/AML, frequently 
develops during the course of AA, which is the most prob-
lematic event.22   PNH clones may be observed in 41% of 
patients at diagnosis and 48% during IST.24   CH with acqui-
sition of chromosomal abnormalities develops in 2.4%-8.2% 
patients with AA.6,25

The overall survival is excellent, reaching over 90%, due 
to improvements in IST and hematopoietic stem cell trans-
plantation (HSCT).22   Relapse, CH, autoimmunity, and can-
cer are of special concern as late manifestations of the 
disease.23

Diagnosis

AA is defined as pancytopenia associated with persistent 
hypocellular BM, without major dysplastic signs or marrow 
fibrosis.22   Depending on the degree of cytopenia in PB, AA 
can be classified into three forms: moderate or non-severe, 
severe, and very severe AA.23

A diagnosis of AA is required to exclude other possible 
diseases or conditions causing pancytopenia with hypocellu-
lar BM.   The clinical course, family history, exposure to tox-
ins/drugs, infectious agents, physical abnormalities, and labo-
ratory tests should be carefully evaluated.   IBMF syndromes, 
if suspected, must be excluded and diagnosed by an appropriate 
molecular analysis.26   Comprehensive targeted genetic 

screening has identified germline mutations of known IBMF 
syndromes in 5.1% of AA patients, some of whom did not 
have physical anomalies or a family history associated with 
the diseases.27

Cytogenetic abnormalities in AA are absent or transient.23   
Persistent abnormalities of chromosome 7 and 8, or complex 
cytogenetic abnormalities generally indicate MDS, not AA.23   
The clinical significance of other isolated nonspecific abnor-
malities remains unclear.28

BM biopsy evaluation is indispensable for an AA diagno-
sis,26 allowing for correct evaluation of BM cellularity and 
histological discrimination of AA from RCC.4   The BM his-
tological criteria for AA and hypoplastic RCC are compared 
in Table 1B.   Detailed descriptions are given in the following 
sections.

Histopathology

BM biopsy specimens of AA typically demonstrate com-
plete aplasia or marked hypoplasia of three hematological 
cell lineages with replacement of fat cells (>95% fatty mar-
row) (Fig. 7).6,9   BM cellularity must be assessed by biopsy, 
not aspirate smears.   Lymphocytes, plasma cells, and mast 
cells may be focally increased or scattered.9   These cells 
should be excluded in the assessment for BM cellularity.

Differential diagnosis between AA and hypoplastic RCC 
is challenging.   However, the vast majority of AA and RCC 
cases can be reliably differentiated by histology alone.6   The 
histological BM features are compared in Table 1B.   The fol-
lowing sections focus on the differentiation of these two 

Fig. 7.  Aplastic anemia in an 8-year-old boy with pancytopenia. He had severely hypoplastic bone marrow 
with replacement of fat cells (A). Lymphocytes and plasma cells were scattered. Megakaryocytes and granu-
locytes were not present (B). CD8-positve cytotoxic T cells were increased (C). H&E staining. (A) ×40; (B) 
×400. Immunohistochemistry. (C) ×400.

A

B

C. CD8
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diseases.
A patchy pattern of erythropoiesis with immature ery-

throid precursors, characteristic of RCC, is not present in AA, 
although a single small cluster with <10 cells with maturation 
is acceptable.4,6   Abnormal localization of erythropoiesis is 
not observed in AA.

Granulopoiesis is absent or markedly reduced in AA.   
Very few small foci may be present, but they rarely represent 
mature differentiation of granulocytes such as banded and/or 
segmented forms.   In contrast to AA, matured granulocytes 
are not uncommon in RCC.

Megakaryopoiesis is typically absent in AA.   It may be 
rarely observed, but matured megakaryocytes are not present.   
Dysplastic megakaryocytes and abnormal localization of 
megakaryopoiesis are not found in AA.   The presence of 
micromegakaryocytes is considered characteristic of RCC 
and excludes the diagnosis of AA.6   As with RCC, IHC is 
mandatory for detecting micromegakaryocytes as well as the 
abnormal localization of megakaryopoiesis.   

Lymphocytes may be increased in the BM in both AA and 
RCC.23   In the author’s experience, CD8-positive T cells are 
often increased in the BM in AA (Fig. 7).   The increase in 
CD8-positive T cells is notable, given the assumed immune-
mediated mechanism of AA,23 wherein the expansion of oli-
goclonal CD8-positive cytotoxic T cells is observed.29   The 
clinical relevance of IHC staining targeting lymphocytes and 
its impact on the differential diagnosis are still unknown, and 
should be explored in future studies.

The usefulness of IHC for differentiation between AA 
and RCC is unclear.   CD34-positive myeloblasts are not 
increased in either AA or RCC.   One study targeting cases 
mainly in adults found that the number of CD34-positive BM 
cells was significantly higher in hypoplastic MDS than in 
AA.30   The positivity rate in cases with p53 IHC staining was 
reported to be significantly higher in RCC than in AA,31 as 
previously reported for adult cases.17,32   These results imply 
that IHC provides useful information for differentiation 
between these two diseases.   However, the EWOG-MDS 
stated that IHC (CD34, CD117, CD3, and CD20) does not 
support differentiation.6   Given the small number of exam-
ined cases and limited studies, further investigation is 
needed.

INHERITED BONE MARROW FAILURE 
DISORDERS (TABLE 2) 
FANCONI ANEMIA 

Clinical features

Fanconi anemia (FA) is the most common IBMF disor-
der, and is characterized by congenital abnormalities, pro-
gressive BMF, chromosome fragility, and predisposition to 
malignancy.1,33

Congenital abnormalities may be present in almost any 
organ.   The most common are short stature, skin lesions, 
such as café au lait spots or hypo- and hyper-pigmentation, 
and abnormalities of the upper limbs.1   Approximately 60% 

of patients are reported to have at least one abnormality.1   Of 
note, some patients lack any abnormalities associated with 
the disease, which can delay the diagnosis.

The median age at diagnosis is 6.5 years.1   Patients with 
FA typically develop BMF between 5 and 15 years of age,33 
and the most common presentation is pancytopenia, often 
accompanying macrocytosis and elevated HbF.1   The cumu-
lative incidence of BMF is 90% by 40 years of age.34

FA is an IBMF disorder with increased risk of MDS, 
AML, and solid tumors.   The cumulative incidence of MDS 
and leukemia is 50% by 50 years of age and up to 5% by 30 
years of age, respectively.35   The most common solid tumors 
are head and neck squamous cell carcinoma (SCC), liver 
tumors, vaginal SCC, and brain tumors.1   The cumulative 
incidence of solid tumors is approximately 20% by 65 years 
of age.35   The median age for survival is 29 years.1   The 
major causes of death in FA are complications from BMF, 
HSCT, and malignant neoplasms.

Diagnosis

FA is a clinically and genetically heterogeneous disease.   
Although a correct diagnosis can be reached after careful 
examination of the clinical and physical features as well as 
the family history, the hallmark of the disease is genetic 
instability due to the hypersensitivity of FA cells to DNA 
cross-linking agents.33,36   FA is diagnosed when chromo-
somal breakage in lymphocytes is increased after culture with 
DNA cross-linkers such as diepoxybutane (DEB) or mitomy-
cin C (MMC).33,36   The DEB/MMC assay is a reliable diag-
nostic test for FA, but hematopoietic reversion and somatic 
mosaicism, relatively common in FA, often cause ambiguous 
or falsely negative results.37   In patients with negative DEB/
MMC assay results but a strong clinical suspicion of FA, skin 
fibroblasts should be tested, as there has been no evidence of 
such a phenomenon in these cells.37   The chromosomal 
breakage test with DEB/MMC can identify affected patients, 
but comprehensive molecular testing is required to identify 
specific mutations.38

Histopathology

The BM of FA patients often demonstrates hypocellular-
ity for their age (Fig. 8),1,39 and may have variable cellularity 
depending on the timing of the biopsy and the stage of the 
disease.   BM studies at the first detection of a hematologic 
abnormality reportedly found reduced cellularity in 75% of 
cases, normal or increased cellularity in 13% of cases, and 
MDS or AML in 12% of cases.40

In early stages, the BM may be normocellular, but it can 
become aplastic or hypocellular with increasing severity of 
BMF.2   Approximately 80% of patients with FA develop 
BMF by 10 years of age.34   In the aplastic phase, the BM 
may exhibit severe hypocellularity or fatty marrow with loss 
of myeloid and erythroid precursors and megakaryocytes.   
These histological features are indistinguishable from other 
forms of aplastic marrow, such as idiopathic or acquired AA, 
or other IBMF syndromes.2   An accurate diagnosis is there-
fore reached only after a comprehensive clinical assessment 



76

Histopathology of bone marrow failure

Syndrome Fanconi anemia Dyskeratosis congenita Diamond-Blackfan anemia Shwachman-Diamond 
syndrome

Pathogenesis Interstrand crosslink DNA 
repair

Telomere maintenance Ribosomal biogenesis Ribosomal biogenesis

Inheritance: Known 
genes

AR: FANCA, C, D1, D2, E, F, 
G, I, J, L, N, O, P, Q, S, T

XLR: FANCB

XLR; DKC1

AD; TERT, TERC, TINF2, 
RTEL1

AR; TERT, WRAP53, NOP10, 
CTC1, NHP2, USB1, RTEL1

AD: RPS19, RPS17, RPS24, 
RPL35A, RPL5, RPL11, 
RPS7, RPS26, RPS10

XLR: GATA1

AR: SBDS

Incidence 1-3/500,000 1/1,000,000 12/1,000,000 1/76,000

Age at the diagnosis, 
median (range)

6.5 years (birth to 49 years) 14 years (birth to 75 years) 3 months (birth to 64 years) 2 weeks (birth to 11years)

Non-hematological 
findings

- Short stature
- Skin lesions such as café au 
lait spots or hypo- and 
hyper-pigmentation
- Abnormalities of upper limbs

- Skin lacy reticular 
pigmentation
- Nail dystrophy
- Oral leukoplakia 
- Pulmonary fibrosis

- Craniofacial anomalies, 
hypertelorism, cleft lip/palate
- Low birth weight
- Thumb anomalies
- Renal and cardiac anomalies

- Exocrine pancreatic 
dysfunction
- Short stature 
- Metaphyseal dystosis
- Thoracic abnormalities
- Delayed development

Diagnostic test - Chromosomal breakage 
studies
- Gene sequencing

- Telomere length 
measurement
- Gene sequencing

- Fetal hemoglobin and eryth-
rocyte adenosine deaminase 
activity
- Gene sequencing

- Serum trypsinogen and 
isoamylase
- Gene sequencing

Cytogenetic 
abnormalities

1q+, 3q+, 21q /RUNX1 (cryp-
tic RUNX1 rearrangement), 
-7/7q, 11q-

Monosomy 7a, Monosomy 10 N/A i(7q), del(20q)

Hematological 
presentations

Pancytopenia with 
macrocytosis

Cytopenia, often associated 
with thrombocytopenia

- Macrocytic anemia with no 
other significant cytopenia
- Reticulocytopenia

- Neutropenia, sometimes ane-
mia and thrombocytopenia

Hematological 
malignancy

MDS, AML MDS, AML MDS, AML, ALL MDS, AML

Cumulative incidence 
of bone marrow 
failure

90% by 40 years of age Around 45% by 40 years of 
age

>50% by 70 years of age 40% by 50 years of age

Cumulative incidence 
of MDS/Leukemia

MDS: 50% by 50 years of age
Leukemia: up to 5% by 30 
years of age 

MDS: 20% by 50 years of age
Leukemia: up to 10% by 70 
years of age

MDS: 5% by 50 years of age
AML: 5% by 46 years of age

MDS: 65% by 50 years of age
AML: 5% by 20 years of age

Other malignancy - Head and neck SCC
- Liver tumors
- Vaginal SCC
- Brain tumors

- Head and neck SCC
- Gastrointestinal and anogeni-
tal tumors

- Osteosarcoma
- Colon cancer
- Lung cancer
- Cervical cancer

Limited cases

Survival, median 29 years 49 years 67 years 41 years

Bone marrow 
histopathology

- Hypocellularity for age, or 
variable cellularity, depending 
on the stage of the disease

- Dyserythropoiesis in more 
than 90% of patients

- Fanconi anemia is found in 
14.5% of patients with histo-
morphological findings consis-
tent with hypo- or normocel-
lular RCC.

- Fanconi anemia-related MDS 
is highly associated with 
increased blasts and 
dysgranulopoiesis.

- Hypocellularity for age, or 
variable cellularity, depending 
on the stage of the disease

- Some degree of dysplasia in 
any lineage is often present.

- Dyskeratosis congenita is 
found in 1.6%-2.5% of 
patients with histomorphologi-
cal findings consistent with 
hypo- or normocellular RCC.

- Normal marrow cellularity 
with a paucity of erythroid 
precursors

- Erythroid precursors are 
absent or sparsely distributed 
and/or in a few small clusters 
lacking maturing/matured ery-
throid cells.

- Normal granulopoiesis and 
megakaryopoiesis

- Frequent lymphocytosis

- Hypocellularity for age, or 
variable cellularity, depending 
on the stage of the disease

- Myeloid hypoplasia, often 
with left-shifted maturation.

- Mild dyshematopoiesis in 
any lineage is commonly 
present.

Table 2. Inherited bone marrow failure syndromes.1-3,34,35,41-43,47,50,55,59-61,63,78,91-93

AD, autosomal dominant; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; AR, autosomal recessive; MDS, myelodys-
plastic syndrome; N/A, not available; RCC, refractory cytopenia of childhood; SCC, squamous cell carcinoma; XLR, X-linked recessive
a. Secondary MDS 
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and, if needed, a chromosomal breakage test.
Dyserythropoiesis is usually observed, often representing 

immature erythroid components with megaloblastic change 
and/or abnormal localization of erythropoiesis (Fig. 8).2,41   
Approximately 94% of BM samples with FA demonstrated 
dyserythropoiesis, 70% of which had dysplasia limited to the 
erythroid lineage.41   Dyserythropoiesis as a sole abnormality 
should not be regarded as evidence of progression to MDS.

Megakaryocytes  are  of ten reduced in number.39   
Dysplastic changes, such as micro- or small megakaryocytes, 
may be present and are easily identified by IHC staining of 
CD61 or CD42b (Fig. 8).

Reduced granulopoiesis is also often present (Fig. 8),39 
and dysplastic changes are sometimes observed.41   In gen-
eral, it is difficult to detect dysgranulopoiesis on histological 
evaluation, but in the author’s experience, dysplasia consis-
tently accompanies left-shifted granulopoiesis.

It is not always possible to reliably distinguish between 
FA and RCC by BM morphology alone (Fig. 8).   A lack of 
increased blasts and the presence of mild dyshematopoiesis 
of the BM are overlapping features in both FA and RCC, 
making it challenging to differentiate between the two dis-
eases.   Indeed, FA was identified in 14.5% of patients with 
histomorphological findings consistent with hypo- or normo-
cellular RCC.42   Notably, some of these FA patients did not 
have any physical anomalies or a family history.   The differ-
ential diagnosis between the two diseases therefore requires a 
chromosomal breakage test in addition to the histomorpho-
logical evaluation.

The diagnosis of MDS secondary to FA is critical for the 
management of patients.   RCMD is the most common sub-
type of FA-related MDS (Fig. 9), followed by RAEB.41 

FA-related MDS often, but not always, follows a hypoplastic 
or aplastic phase and progresses with the emergence of 

abnormal cytogenetic clones.41

Cioc et al. reported an association between BM morphol-
ogy and cytogenetic abnormalities in FA-related MDS.41   
The presence of MDS was highly associated with cytogenetic 
abnormalities.   The association between MDS and cytoge-
netic abnormalities differed according to the morphological 
findings: 100% of patients with increased blasts or any 
degree of dysgranulopoiesis had cytogenetic abnormalities, 
compared with 83% of patients with dysmegakaryopoiesis 
and 33% of patients with dyserythropoiesis.   They concluded 
that the most reliable criteria for the diagnosis of FA-related 
MDS were increased blasts and dysgranulopoiesis, followed 
by dysmegakaryopoiesis.41

The FA BM stage with progression to MDS/AML is asso-
ciated with a specific pattern of chromosomal and genomic 
abnormalities.43   Abnormalities in MDS/AML include 1q+, 
3q+, 21q/RUNX1 (cryptic RUNX1 rearrangement), -7/7q, 
and 11q-.43   Of these, 3q+, -7/7q, and 21q/RUNX1 are 
observed only in the MDS/AML stage, whereas 1q+ can be 
in all stages, including non-MDS normocellular/hypocellular 
BM of FA.43   FA patients with 1q+ as a sole abnormality 
may go years without their disease progressing to MDS/
AML, suggesting that 1q+ can rescue FA cells without MDS/
AML transformation.43   The sole abnormality of 1q+ may 
not predict progression to MDS/AML, and careful observa-
tion throughout the following years is essential.33

P53 activation related to genomic instability may be 
involved in the pathogenesis of FA,44 supporting the hypothe-
sis that p53 is expressed immunohistochemically in the FA 
BM cells.   Studies evaluating p53 IHC staining in FA are 
limited, but one found that the percentage of p53-positive 
cells in the BM of FA was similar with that in FA-non-related 
MDS/AML but higher than that in AA and a normal control.45   
As the overexpression of p53 protein was previously reported 

Fig. 8.  Fanconi anemia in an 8-year-old boy. The bone marrow showed hypocellularity for his age. Erythroid clusters with mild mega-
loblastic change were distributed in a patchy pattern. Granulocytes and megakaryocytes were decreased (A). Abnormal localization of 
erythropoiesis (B). Micromegakaryocytes were scattered, as indicated by CD42b immunostaining (C). These findings are indistinguish-
able from those seen in hypoplastic RCC. ASD-Giemsa staining. (A) ×200; (B) ×400. Immunohistochemistry. (C) ×400.

A B C. CD42b
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in the BM of MDS/AML,46 a common mechanism between 
FA and FA-non-related MDS/AML responsible for the pre-
leukemia/leukemia processes may exist.45   However, 
whether p53 immunostaining can distinguish FA from other 
BMF conditions or be useful as a predictor of disease pro-
gression remains unclear.45

DYSKETATOSIS CONGENITA 

Clinical features

Dysketatosis congenita (DC) represents a spectrum of 
diseases caused by defective telomere maintenance.47   
Patients usually have very short telomeres resulting from 
inherited mutations in telomere maintenance genes.

There is a wide spectrum of diseases associated with 
defective telomere biology, known collectively as telomere 
diseases.48   Classic DC is the prototype of these diseases.   It 
is characterized by the mucocutaneous triad (skin lacy reticu-
lar pigmentation, nail dystrophy, and oral leukoplakia), BMF, 
and predisposition to malignancy.1,47   Approximately 75% of 
patients present with at least one physical abnormality.1   
Physical abnormalities in DC patients are usually age-depen-
dent; therefore, their absence in young individuals does not 
eliminate DC from the list of differential diagnoses.1

Distinct forms of diseases other than classic DC have 
been recognized.   Hoyeraal-Hreidarsson syndrome, a severe 
form of DC, affects multisystem organs, and is characterized 
by intrauterine growth retardation, microcephaly, cerebellar 

hypoplasia, severe aplastic anemia, and immunodeficiency.47   
The other severe form, Reversz syndrome, causes bilateral 
exudative retinopathy in addition to classic DC features.49

The median age at diagnosis is 14 years.1   Abnormal skin 
pigmentation and nail lesions usually develop in childhood; 
however, the onset of cytopenia can occur before the appear-
ance of such physical abnormalities.   Cytopenia, mostly 
associated with thrombocytopenia as the initial presenta-
tion,50 usually occurs within the first decade of life, and pan-
cytopenia may progress before 20 years of age.47   The cumu-
lative incidence of BMF is approximately 45% by 40 years of 
age.35

DC predisposes patients to hematological and solid 
malignancies.   The cumulative incidence of MDS and leuke-
mia is 20% by 50 years of age and up to 10% by 70 years of 
age, respectively.35   The most common solid tumors are simi-
lar with those in FA, i.e. head and neck SCC, and other 
tumors involving the gastrointestinal and anogenital regions.1   
The cumulative incidence of solid tumors is approximately 
20% by 65 years of age.35

The median age for the survival is 49 years.1   The main 
causes of mortality in DC are BMF, pulmonary disease, and 
malignancy.47   Pulmonary fibrosis, documented as a rare 
manifestation associated with DC, is a cause of death unique 
to this disease.1

Diagnosis

Classic DC is usually characterized by the mucocutaneous 
triad and BMF.   The minimal clinical criteria for DC 

Fig. 9.  RCMD developing in a 7-year-old girl with Fanconi anemia. She developed thrombocytopenia and 
her pancytopenia progressed with age. Bone marrow evaluation revealed a novel chromosomal abnormality. 
Normocellular bone marrow with dyshematopoiesis (A). Erythroid clusters with mild megaloblastic change 
were seen. Granulocytes were slightly decreased in number and left-shifted. Blast cells were not increased. 
Scattered mast cells were also seen (A). Megakaryocytes were decreased, and a micromegakaryocyte was 
noted on CD42b immunostaining (arrow, B). ASD-Giemsa staining. (A) ×400. Immunohistochemistry. (B) 
×400.

A B. CD42b
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diagnosis include the presence of two of four major features: 
abnormal skin pigmentation, nail dystrophy, leukoplakia, and 
BMF, and at least two other somatic features.47   However, 
patients with DC may have highly variable manifestations 
with respect to the age of onset, disease severity, and modes 
of inheritance, which make the diagnosis challenging.

The hallmark of DC pathogenesis and its clinical variants 
is defective telomere biology, which manifests as telomere 
shortening.   Telomere length <1st percentile compared with 
normal controls in lymphocyte subsets detected by flow fluo-
rescence in situ hybridization analysis is highly sensitive and 
specific.51   The telomere length in patients with non-DC 
IBMF syndromes, such as FA, DBA, and SDS, is also usually 
shorter than that in unaffected individuals, but not as short as 
that in DC patients.52   Furthermore, short telomeres are sig-
nificantly correlated with the severity of BMF in DC, but not 
that in FA, DBA, or SDS.52

Histopathology

As in FA, the BM of patients with DC can demonstrate 
variable cellularity according to the biopsy timing and the 
stage of the disease.   The BM usually exhibits hypocellular-
ity (Fig. 10), but can have hypercellularity in the early stage.   
It may become gradually or progressively hypocellular as the 
severity of BMF increases53 until it is ultimately indistin-
guishable from AA.   A shortened telomere length has been 
correlated with the severity of PB cytopenia,54 but the rela-
tionship between the degree of aplasia in the BM and telo-
mere length remains unclear.

Some degree of dysplasia in any lineage is often present 
in the BM of DC patients (Fig. 10).47,50   Immature erythroid 
clusters with megaloblastic changes may be observed, often 
distributed in a patchy pattern.   Furthermore, abnormal 
localization of erythroid cells may be found.   Granulopoiesis 
may range from reduced or normal to increased, possibly 

accompanying left-shifted maturation.   Megakaryopoiesis is 
usually reduced.1,39   Micromegakaryocytes and abnormal 
localization of megakaryopoiesis are often observed, and are 
easily detected by IHC (Fig. 10).

It is not always possible to reliably distinguish between 
DC and RCC by morphology alone, similar with FA.   DC 
shares morphological features with RCC, including a lack of 
increased blasts and the presence of some degree of dyspla-
sia.   DC was identified in 1.6%-2.5% of patients with histo-
morphological findings consistent with hypo- or normocellu-
lar RCC.42,55   In the author’s experience, several cases had 
BM findings indistinguishable from those of RCC (Fig. 10).   
The differential diagnosis between the two diseases therefore 
requires measurement of the PB telomere length in addition 
to careful clinical examination.

The diagnosis of MDS secondary to DC is challenging.   
Some degree of dysplasia is commonly seen in the BM of 
DC patients.   Abnormal morphology alone does not neces-
sarily indicate progression to DC-related MDS.50   The diag-
nosis of secondary MDS requires the development of mor-
phological abnormalities including a degree of dysplasia, and 
an increase in the number of blast cells or BM cellularity 
compared with the baseline BM.56   The simultaneous acqui-
sition of well-known chromosomal abnormalities associated 
with sporadic MDS/AML, such as monosomy 7, or multiple 
chromosomal abnormalities has been regarded as an indica-
tion of the development of malignancy,50,57 although chromo-
somal abnormalities specific to either non-MDS-related or 
MDS/AML-related DC have not been elucidated.58   Only a 
few cases with monosomy 7 or monosomy 10 have been 
reported.59,60

Studies evaluating p53 IHC staining in DC are limited, 
aside from the above-mentioned study demonstrating that the 
percentage of p53-positive cells in the BM of DC was higher 
than that in other IBMF disorders, AA, and normal controls.45   

Fig. 10.  Dyskeratosis congenita in a 15-year-old boy. BM exhibited hypocellularity in a patchy distribution (A). Erythroid clusters 
with megaloblastic change were present, intermingled with decreased granulopoiesis and megakaryopoiesis (B). CD42b immunostain-
ing demonstrated micromegakaryocytes (C). These findings are indistinguishable from those seen in hypoplastic RCC. Clot section 
with ASD-Giemsa staining. (A) ×100; (B) ×400. Immunohistochemistry. (C) ×400.

A B C. CD42b
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In contrast to other IBMF disorders, DC presented a negative 
correlation between p53 expression and the values of Ki-67 
or survivin, an inhibitor of apoptosis proteins.45   The reason 
for this is unknown, but these findings suggest that the 
p53-mediated pathway is activated in DC, whereas the com-
pensatory expression of Ki-67 and survivin against apoptosis 
is impaired.   Defects in the rescue of such vulnerable DC 
cells may be involved in the increased incidence of BMF in 
DC.

DIAMOND-BLACKFAN ANEMIA 

Clinical features

Diamond-Blackfan anemia (DBA) is a rare inherited 
BMF disorder characterized by red cell aplasia, physical 
anomalies, and predisposition to malignancy.61   A growing 
number of gene mutations or gene deletions of ribosomal 
proteins have been discovered, leading to DBA being consid-
ered a disorder of ribosomal biogenesis or function, collec-
tively known as ribosomopathy.62

Approximately 25% of patients have at least one physical 
abnormality.1,61   The most common are craniofacial anoma-
lies, including hypertelorism and cleft lip/palate, followed by 
a low birth weight, thumb anomalies, and renal and cardiac 
anomalies.61   These anomalies are milder than those in FA or 
DC patients.1

The median age at diagnosis is three months.1 More than 
98% of patients are diagnosed at less than 1 year of age.1   
Patients with DBA typically present with macrocytic anemia 
and reticulocytopenia, often with elevated HbF as well as 
erythrocyte adenosine deaminase (eADA) activity and 
decreased or absent erythroid precursors in the BM.1,61

The risk for BMF is low, and it often occurs late in life.   
The cumulative incidence of BMF was reported to be more 
than 50% by 70 years of age.35   The cumulative incidence of 
solid tumors is 50% by 70 years of age.35   The tumor types 
were reported to be osteosarcoma, colon cancer, lung cancer, 
and cervical cancer.35,63   These tumor types are specific to 
DBA, in contrast to head and neck SCC, which is the most 
common tumor type in FA or DC patients, implying that the 
underlying tumorigenesis of the diseases is different.   The 
cumulative incidence of MDS and AML is 5% by 50 years of 
age35 and 5% by 46 years of age,63 respectively, both of 
which are lower than in FA.35

The median age for survival is 67 years.35   The major 
causes of death in DBA are treatment-related, infection, and 
complications of iron overload or HSCT.61   Survival is lon-
ger than in patients with FA or DC due to the lower risk of 
death from BMF or solid tumors.35

Diagnosis

The diagnostic criteria for DBA are: age less than 1 year; 
macrocytic anemia with no other significant cytopenia; retic-
ulocytopenia; and normal marrow cellularity with a paucity 
of erythroid precursors.61   These criteria define “classical” 
DBA, and individuals with “non-classical” DBA may not 

meet all of the criteria above.   In order to diagnose non-clas-
sical DBA patients, the following supporting criteria should 
also be considered: the presence of gene mutations described 
for classical DBA, a positive family history, elevated eADA 
activity, congenital anomalies described for classical DBA, 
elevated HbF, and no evidence of other IBMF disorders.61   
Of those criteria, the BM findings are the most important for 
diagnosis.   BM evaluation should be repeated if there is no 
erythroid hypoplasia in the first BM biopsy, as anemia and 
reticulocytopenia can precede the pathological changes in the 
BM.   

The identification of gene mutations strongly supports the 
diagnosis, but approximately 50% of DBA patients lack iden-
tifiable mutations.1

Histopathology

The BM of patients with DBA is usually normocellular 
for age, unlike in other IBMF disorders.39

By definition, erythroid hypoplasia is always seen regard-
less of normal BM cellularity (Fig. 11).61   Erythroid precur-
sors are decreased or absent.   In most cases, erythroid pre-
cursors are sparsely distributed or, less frequently, in a few 
small clusters.   Such clusters almost always consist of pro-
erythroblasts, lacking maturing/matured erythroid cells.   
CD71 IHC is a useful tool for identifying erythroid precur-
sors and their distribution (Fig. 11).64   Erythroid precursors 
may exhibit mild megaloblastic changes, sometimes mimick-
ing the enlarged proerythroblasts characteristically seen in 
Parvovirus B19 infection.2

Granulopoiesis and megakaryopoiesis are usually normal 
(Fig. 11), but mild dysplastic changes are not uncommon.   
Micro- or small megakaryocytes, easily detected by IHC, are 
often observed.   However, the presence of small-sized mega-
karyocytes is a normal finding during infancy65 and does not 
necessarily indicate pathognomonic features.   In non-neo-
plastic settings, megakaryocytes of varying size are usually 
observed in the background, reflecting the physiological dif-
ferentiation in megakaryopoiesis.

Lymphocytes are frequently increased (Fig. 11), which 
may represent a physiological feature during infancy.66   The 
increase of normal lymphoid progenitors, known as hemato-
gones, can be present.53   CD34- or TdT-positive immature 
cells on IHC are increased under such conditions.

Nuclear P53 IHC staining in selective erythroid progeni-
tor cells in BM biopsies from DBA patients has been reported 
(Fig. 11).67   These results are notable considering the impli-
cation of p53 in the pathogenesis of DBA.67-71   The staining 
pattern varies among patients, likely depending on mutations 
as well as the disease status.67   The diagnostic utility of p53 
IHC should be evaluated in a larger sample size.

The main differential diagnosis is transient erythroblasto-
cytopenia of childhood (TEC).   TEC is an uncommon, self-
limiting disorder characterized by reduced or absent ery-
throid precursors in otherwise normocellular BM.72   TEC 
typically occurs between 3 months and 4 years,72 and usually 
persists for about a month.73   Its etiology is unknown, but a 
transient autoimmune mechanism triggered by infection or 
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unknown environmental factor in genetically susceptible 
individuals is suspected.72-74   Overlapping morphological 
features between TEC and DBA make differentiation chal-
lenging.   Both disorders present erythroid hypoplasia, absent 
or reduced erythroid precursors, and normal granulo- and 
megakaryopoiesis in the BM.   However, the BM of DBA 
patients often has higher cellularity than that in TEC patients, 
probably because BM evaluations are performed at an earlier 
age for DBA.   The BM of TEC patients can have pro-
nounced lymphocytosis75 or erythroid hyperplasia76 in the 
recovery phase, which is less obvious in DBA.

The diagnosis of MDS/AML secondary to DBA should 
be carefully decided, although this entity has a low incidence 
and occurs late in life.35,63   BM during the neonate-infant 
period, when BM biopsies are frequently performed for DBA 
diagnosis, often exhibits histomorphological features mim-
icking clonal evolution: BM hypercellularity, increased blast 
cells, and mild dyshematopoiesis.   Histomorphological eval-
uations with comparisons with the baseline BM and concur-
rent chromosomal studies are mandatory for accurate diagno-
sis.61   The acquisition of well-known chromosomal 
abnormalities associated with sporadic MDS/AML or multi-
ple chromosomal abnormalities is considered a warning find-
ing, although routine chromosomal analyses are usually nor-
mal, and abnormalities specific for DBA patients have not 
been described.57,58,61

SHWACHMAN-DIAMOND SYNDROME 

Clinical features

Shwachman-Diamond syndrome (SDS) is a rare autoso-
mal recessive disorder characterized by exocrine pancreatic 
dysfunction, BMF, and predisposition to MDS/AML.1,77,78   
Most patients with SDS have biallelic mutations in the SBDS 

gene, which functions in ribosome biogenesis.79

SDS is also a multisystem disease that can affect the skel-
etal, cardiac, neurocognitive, gastrointestinal, and immune 
systems.   Physical abnormalities are present in 55% of 
patients with SDS.1   The most common is short stature, fol-
lowed by metaphyseal dystosis, thoracic abnormalities, and 
delayed development.1

Variable exocrine pancreatic dysfunction with or without 
malabsorption is a hallmark of SDS.78   Over 90% of patients 
with SDS are diagnosed with pancreatic dysfunction, which 
usually presents as steatorrhea within the first 6 months of 
life.77,78   The median age at which malabsorption occurs is 2 
weeks, ranging from birth to 11 years.1   Pancreatic ductular 
fluid secretion remains normal, but secretion of proteolytic 
enzymes is decreased, leading to steatorrhea.78   Histological 
examination of the pancreas can reveal the fatty replacement 
of acinar cells, an increase in the interstitial connective tis-
sue, and dilated ductules.80   Approximately 50% of patients 
with SDS demonstrate age-related improvement in pancreatic 
function, although the reason remains unclear.81   Although 
fat absorption is normal, patients are persistently deficient in 
enzyme secretion.

Neutropenia is the most common hematological manifes-
tation and occurs in almost all patients.78   It often develops 
slightly later than malabsorption, but may be observed in the 
neonatal period.1   Neutropenia can be either intermittent or 
persistent with variable severity.77   Anemia and thrombocytopenia 
are also present in most patients.77   Anemia is usually 
asymptomatic, and associated with elevated HbF and 
macrocytosis.78

Neutropenia may progress beyond anemia and thrombo-
cytopenia to tri-lineage cytopenia.77   The cumulative inci-
dence of BMF was reported to be 40% by 50 years of age.35   
The cumulative incidence of MDS and AML is 65% by 50 
years of age and 5% by 20 of age, respectively.35   Limited 

Fig. 11.  Diamond-Blackfan anemia in a 3-month-old girl. BM showed normal cellularity with erythroid hypoplasia. Erythroid hypo-
plasia with few proerythroblasts scattered and intermingled with increased lymphocytes. Granulopoiesis and megakaryopoiesis were 
normal (A). CD71-positive erythroid precursors were scattered but not present in clusters (B). P53 was also positive in some erythroid 
precursors (C). Clot section with ASD-Giemsa staining. (A) ×400. Immunohistochemistry. (B, C) ×400.

A B. CD71 C. p53
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cases of solid tumors in SDS patients have been reported.82,83   
SDS may be less cancer-prone, but cohort sizes have been 
too small for a thorough risk assessment.   In a recent review, 
the cumulative incidence of solid tumors was reported to be 
approximately 40% by 45 years of age.35

The median age for survival is 41 years.35   The major 
causes of death are infection (sepsis or pneumonia), AML, 
and myocardial necrosis.1

Diagnosis

The diagnosis of SDS is based on clinical findings, par-
ticularly exocrine pancreatic dysfunction and hematological 
manifestations, and is confirmed by SBDS genetic testing.78   
The clinical diagnosis is usually made during infancy, but it 
may be established in older children and even adults.   
Classic neutropenia associated with diarrhea is observed in 
approximately half of all patients.84

The serum trypsinogen and pancreatic isoamylase levels 
adjusted for age are sensitive tests for pancreatic dysfunc-
tion.78   Fatty replacement of the pancreas on imaging and a 
low concentration of fecal pancreatic enzyme also indicate 
pancreatic dysfunction, and support the diagnosis.

Not all patients present with typical clinical features.   It 
is therefore advisable to test all suspected cases for mutations 
in the SBDS gene.   Approximately 90% of SDS patients are 
identified by biallelic mutations in the SBDS gene.79   As 
approximately 10% of patients lack such abnormalities, 
mutations of genes other than SDSB have been assumed to 
cause the disorder.   Recently, biallelic mutations in 
DNAJC21, the 60S ribosome assembly factor, were identified 
in a subset of SDS patients.85

Histopathology 

The BM cellularity in SDS patients is usually hypocellu-
lar for their age (Fig. 12) but may be normo- or hypercellu-
lar.2,78   BM cellularity may be normocellular early in life but 
eventually becomes hypocellular, typically during child-
hood,28 although the degree of cellularity is poorly correlated 
with the severity of peripheral cytopenia.86

BM hypocellularity in SDS is usually due to decreased 
granulopoiesis, but decreased erythropoiesis and/or mega-
karyopoiesis is not uncommon.39,78   Hypocellular BM in SDS 
often has patchy distribution of hematopoiesis, as seen in 
RCC (Fig. 12).   Mild dyshematopoiesis is commonly 
observed and can be transient.2,78   Dysgranulopoiesis is often 
present as left-shifted, arrested maturation, or reduced 
matured granulocytes.   Dyserythropoiesis usually presents 
with megaloblastic changes or increased proerythroblasts and 
abnormal localization.   Dysmegakaryopoiesis is typically 
based on the presence of micro- or small-sized megakaryo-
cytes and abnormal localization.   Prominent multilineage 
dysplasia is less common and may indicate malignant trans-
formation if it occurs.78

As with FA and DC, the distinction between SDS and 
RCC by morphological features alone is challenging (Fig. 
12).   Patients diagnosed with RCC by BM morphological 
examination may incorrectly include those with SDS.   
However, one study screening for SBDS mutations in 120 
RCC patients found that no SDS patients had been misdiag-
nosed with RCC.87   They concluded that mutational SBDS 
screening for RCC patients lacking clinical features of SDS 
is not recommended.

Fig. 12.  Shwachman-Diamond syndrome in a 7-year-old boy. BM showed hypocellularity with a patchy dis-
tribution (A). Erythroid clusters with mild megaloblastic change, and decreased granulopoiesis and mega-
karyopoiesis (B). These findings are indistinguishable from those seen in hypoplastic RCC. ASD-Giemsa 
staining. (A) ×100; (B) ×400.

A B
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The diagnosis of MDS/AML secondary to SDS is critical 
for patients, as they are the main hematological complica-
tions and impact survival.78   MDS secondary to SDS 
includes refractory cytopenia with dysplasia, RCMD, RAEB, 
and RAEB in transformation.78,88   Secondary AML com-
monly presents as AML with MDS-related changes (AML-
M2, AML-M4, AML-M6, AML-M0).88   AML-M6 fre-
quently occurs in SDS patients, accounting for approximately 
30% of AML cases.88

The diagnosis of MDS secondary to SDS is challenging.   
Mild dysplastic changes are common and can be transient in 
SDS patients.   The presence of mild dyshematopoiesis alone 
does not necessarily indicate MDS.   Furthermore, not all 
cytogenetic abnormalities indicate malignant clonal progres-
sion.   Cytogenetic abnormalities, such as i(7q) and del(20q), 
may persist in SDS patients without progression to leukemia 
and can regress spontaneously.78

To establish the diagnosis of SDS-related MDS/AML, 
cytogenetic abnormalities should be interpreted in the context 
of the BM histomorphology.78   Deterioration of histomor-
phological changes compared with the baseline BM, concur-
rent with acquisition of well-known cytogenetic aberrations 
associated with MDS/AML, such as monosomy 7, or multi-
ple cytogenetic abnormalities should be considered warning 
features (Fig. 13).57,88   The definitive histomorphological risk 
for hematological malignancy remains unknown, although 
blood counts at diagnosis and the age of onset of the first 
symptoms have been correlated with such complications.88

Approximately 80% of SDS BM biopsies were reported 
to be p53-positive on IHC.89   Furthermore, IHC expression 

levels of p53, Ki67, and survivin in SDS were found to be 
positively correlated.45   These findings suggest that survivin 
is elevated in order to overcome p53-dependent apoptosis 
and promotes cell proliferation, which manifests as elevated 
Ki67.   The retained function compensating for p53-depen-
dent apoptosis may be associated with the reduced incidence 
of BMF in SDS.

Bone abnormalities may be observed in SDS patients.90   
Bone biopsies from SDS patients may demonstrate osteopo-
rosis characterized by a reduced trabecular bone volume, low 
numbers of osteoclasts and osteoblasts, and a reduced 
amount of osteoid.   Osteoporosis may be a primary defect in 
bone metabolism in SDS patients, and may be associated 
with BM dysfunction and neutropenia.90

CONCLUSION
RCC, AA, and DBA present distinct histomorphological 

features in BM, but as discussed in this review, BM hypocel-
lularity and dyshematopoiesis are overlapping features pres-
ent in RCC and other IBMF syndromes (FA, DC, and SDS), 
as well as in secondary MDS.   Therefore, concurrent assess-
ment of BM histology as well as the clinical features, physi-
cal anomalies, and laboratory/genetic findings, and compari-
son with the baseline BM are necessary for an accurate 
diagnosis.   Obtaining more information on germline and 
somatic genomic abnormalities may not only aid in the dif-
ferential diagnosis but also provide novel insight into the 
pathogenesis of BMF in children.   The correlation between 
BM histology and the genotype should be explored in future 

Fig. 13.  Acute myeloid leukemia developing in a 10-year-old boy with SDS. He developed neutropenia and 
thrombocytopenia and, subsequently, blast cells were noted in the peripheral blood. Bone marrow evaluation 
revealed novel complex chromosomal abnormalities. BM showed hypercellularity with multilineage dyspla-
sia and increased blast cells (A). CD34-positive blast cells were increased in a few clusters (B). H&E stain-
ing. (A) ×400. Immunohistochemistry. (B) ×400.

A B. CD34
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studies.
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