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Introduction

Acquired bone marrow (BM) failure syndromes are het-
erogeneous diseases characterized by cytopenias caused
by a decrease in or malfunction of hematopoietic stem/pro-
genitor cells (HSPCs). These syndromes include acquired
aplastic anemia (AA), myelodysplastic syndromes (MDS),
paroxysmal nocturnal hemoglobinuria (PNH), and acquired
amegakaryocytic thrombocytopenia. Differential diagnosis
can be difficult as these syndromes are primarily defined by
cell morphology. Hemolytic PNH might at first seem easily
distinguishable from other forms of bone marrow failure,
since patients with PNH present with unique symptoms and
laboratory findings, such as hemoglobinuria and a marked
increase in the serum LDH levels. In reality, however,
even experienced hematologists often misdiagnose PNH
with moderate hemolysis of MDS. This is because PNH
patients with BM failure exhibit significant signs of dyspla-
sia in immature BM cells, which cannot be discriminated
from MDS by experienced pathologists [1]. Misdiagnosis
leads to inappropriate management of PNH patients, such
as red blood cell transfusions alone without eculizumab
therapy and allogenic stem cell transplantation from unre-
lated donors. Some patients may be left untreated until they
develop life-threatening thromboembolism events, such as
cerebral infarction.
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How do dysplastic signs develop in patients
with BM failure-type PNH and PNHsc?

The dysplastic signs in PNH patients can be ascribed to
co-existing MDS clones, which over time can give rise
to acute myeloid leukemia. Abnormal HSPC clones may
be present and exhibit dysplastic signs at the diagnosis of
BM failure-type PNH or subclinical PNH (PNHsc). How-
ever, PNH-phenotype cells are rarely detected in patients
in bona fide preleukemic states, such as RARS and RAEB
[2]. A recent genomic analysis of hemolytic PNH patients
revealed a low incidence of genomic abnormalities associ-
ated with MDS [3]. A genomic analysis of a large number
of AA patients recently published by our group revealed a
lower frequency of abnormalities in MDS-related genes,
such as TP53 and RUNX1, in AA patients with PIGA muta-
tions than in patients without PIGA mutations [4]. It is thus
unlikely that the dysplastic signs in PNH patients represent
co-existing abnormal MDS clones.

Dysplastic signs in immature blood cells can be caused
by extrinsic factors, such as nutritional deficiencies and
toxins. Some patients with collagen diseases show dysplas-
tic signs of immature cells similar to those of patients with
MDS. In patients with AA characterized by small popula-
tions of PNH-type cells, dysplastic features typically dis-
appear after they achieve hematologic remission following
immunosuppressive therapy [5]. Reversible dysplasia, such
as occurs in inflammatory diseases and immune-mediated
BM failure, suggests that inflammatory cytokines produced
locally in the BM may induce dysplastic changes in imma-
ture blood cells. It is thus important to bear in mind that
the immune pathophysiology of BM failure, which allows
PIGA-mutant HSPCs to contribute to hematopoiesis, is
often associated with some degree of erythroid and granu-
locytic dysplasia.
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Can we distinguish AA from MDS using the
current diagnostic criteria?

A more common and serious problem than the confusion
between PNH and MDS is the misdiagnosis of benign
immune-mediated BM failure as MDS. This happens
because dysplasia is commonly seen in the BM of AA
patients with small populations of PNH-type cells, just
like in the BM of PNH patients. In such cases, the BM
is not consistently hypocellular, due to residual hot spots
[6]. Although the detection of a hypocellular BM is a pre-
requisite for diagnosing AA, assessing BM cellularity in
patients with BM failure can be difficult, particularly when
the cytopenia is not severe. Even when the BM of a given
bone site is grossly replaced with fat tissue as a result of the
immune-mediated destruction of HSPCs, some hematopoi-
etic nests may remain in other bone sites and may show
hypercellularity due to increased BM activity that compen-
sates for the decreased hematopoiesis [7]. BM aspiration or
biopsies of these hot spots may produce erroneous results.
When pathological reports of BM examinations show
hyper- or normal cellularity, the attending physician does
not generally consider the differential diagnosis of AA. As
a result of the confusion between AA and low-risk MDS,
many patients with immune-mediated BM failure are being
treated inappropriately, such as with azacitidine and stem
cell transplantation from unrelated donors.

Practical approach to treatments of acquired BM
failure syndromes

The Progress in Hematology series in this issue includes
three important articles on the diagnosis and treatment of
BM failure syndromes. The most important issue in manag-
ing patients with BM failure syndromes is not determining
the diagnosis, but treating the patients in the optimal way
appropriate to the underlying pathophysiology. Figure 1
shows a concept of autoimmune hematopoietic failure
(AIHM), which is common across the four different sub-
sets of BM failure. Although each disease has a unique
manifestation, the immune mechanisms shown in blue are
shared by all four diseases. When a patient with BM fail-
ure possesses a marker of immune pathophysiology such
as PNH-type cells [8] or HLA allele-lacking cells [9], the
patient should be treated with immunosuppressive therapy,
irrespective of the formal diagnosis.

@ Springer

Acquired aplastic anemia A decrease in the number of HSPCs
due to immune mechanisms
B romboevtoperta
thrombocytopenia

PNH with bone marrow
failure

Low-risk MDS

- Genetic abnormalities in HSPCs

Fig.1 Concept of autoimmune hematopoietic failure (AIHM). The
blue rectangle represents a subset of bone marrow (BM) failure due
to an immune-mediated reduction in the numbers of hematopoi-
etic stem/progenitor cells (HSPCs). The yellow rectangle represents
another subset of BM failure based on genetic abnormalities in
HSPCs
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