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Abstract: Severe Aplastic Anaemia (SAA) is a rare benign disease but carries a high-mortality rate
unless treated in a specialised centre. Overwhelming laboratory and clinical evidence points to an
autoimmune pathogenesis; although, the aetiology remains obscure in the majority of cases. The
differential diagnosis in older patients is problematical and a diagnosis of hypoplastic myelodysplasia
remains difficult. This review points out the difficulty in diagnosis without a specific test. Future
research needs to define a specific diagnostic test and refine therapeutic interventions.
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1. The Benign Clone

Although acquired SAA is a rare disease, it has been a source of investigation for
many haematologists and scientists as it is a curable disease, and intense investigations
may provide insights into its pathophysiology and a diagnostic test. Since the ‘genetic
revolution” there has been a race to find a genetic abnormality which is specific to the
diagnosis of acquired SAA. Unfortunately, although several cytogenetic and molecular
abnormalities have been discovered, we still do not have diagnostic tests [1]. Nevertheless,
these progresses in genetic have allowed to discriminate between different types of condi-
tions that may overlap with aplastic anaemia picture, such as myelodisplastic syndrome
(MDS) and hypoplastic MDS (hMDS). This is particularly true in paediatric haematology,
where a subtype of MDS called refractory cytopenias of childhood (RCC) and inherited
bone marrow failure (IBMF), still confuse even expert haematologist. The exact diagnosis
of the underlying condition is difficult, but is important to ensure that the correct treatment
is delivered [2]. To date, the main difference between SAA, RCC and IBMF is that SAA is
driven by an autoimmune clone of lymphocytes directed against the stem cells. Conversely,
RCC and IBMF are associated with genetic abnormalities and need to always be treated
with haemopoietic stem cell transplant (HSCT) [3]. Other conditions that need to be con-
sidered in the differential diagnosis are paroxistic nocturnal haemoglobinuria (PNH), and
pure red-cell aplasia (PRA) (Figure 1).

Although clonal evolution to PNH, MDS or acute myeloid leukaemia (AML) has
been observed [4], co-existing somatic mutations may predispose this process, but this
needs further clarification. Recurrent mutations have been identified in up to 50% of
patients with acquired SAA [5] but mutations in ASXL1, DNMT3A are frequently found in
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myeloid malignancy, limiting their diagnostic usefulness. It is important that molecular
and cytogenetic investigations are carried out at diagnosis before the initiation of therapy.
It has been demonstrated that in serial samples from patients who have not evolved into
MDS, clones with GATA2, PHF6, RUNX1, SMC3, TET2 and BCORL1 mutations decrease
in size over time, whereas ASXL1, CALR, CUX1, ETV6, EZH?2, G3BP1, RIT1, U2AF1 and
ZRSR1 expanded [6]. However, several investigators believe that clonal abnormalities
do not predict a response to therapy. Telomerase abnormalities have been reported in
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acquired aplastic anemia, and shortened telomerase length at diagnosis have been shown to
correlate with poorer outcomes [7]. Cytogenetic abnormalities especially (—7) are common
in acquired aplastic anemia. Recent studies have shown that abnormal cytogenetics is an
independent predictor of a poor response to immunosuppressive therapy (HR = 0.255;
95% CI = 0.077-0.839; p = 0.024) [8] This suggests that patients with SAA and abnormal
cytogenetics have different clinical characteristics, compared to patients with SAA and
normal cytogenetics [8].

Figure 1. Overlapping between SAA and other conditions with similar features. These conditions
need to be out ruled during differential diagnosis. SAA: severe aplastic anaemia; PRCA: pure red-cell
anaemia; MDS: myelodisplastic syndrome; hMDS: hypoplastic myelodisplastic syndrome; PNH:
paroxisitc nocturnal haemoglobinuria; IBMF: inherited bone marrow failure.

2. Insight in the Disease

Acquired aplastic anaemia is a rare, potentially fatal, but curable disease, in which
the reported incidence varies from 1.5-2.3 per million in Western countries to 3.0-7.5 per
million in Asia [9]. The reasons for the variation in the reported incidence are unknown.
In the majority of adults, the aetiology of the disease is unknown and there is no specific
test which is diagnostic. Although many patients have abnormal liver blood tests at the
time of diagnosis, hepatitis virus A, B and C (HAV, HBV, and HCV) are not believed to
be causative in most cases. Benzine toxicity was an etiological agent in the past but is
no longer a significant risk factor in Western countries [10]. Numerous factors have been
associated with the pathobiology of aplastic anaemia including cytotoxic T cells, cytokines
and chemokines, interferon y and tumour necrosis factor « [11]. However, the diagnosis
depends on a number of investigations and the ruling out of IBMF, Fanconi Anaemia
(FA), Dyskeratosis Congenita, GATA?2 deficiency, Telomere diseases and CTLA4 deficiency,
which usually present early in life but may be brought to medical attention for the first
time in adult life. A family history may be helpful. An important reason for diagnosing
IBMF is that the treatment may be quite different from acquired aplastic anaemia.

The diagnosis of aplastic anaemia is based on the presence of peripheral pancytopenia
and a hypoplastic marrow without evidence of malignancy [9,12]. Examination of a blood
film is mandatory, although care must be taken as concomitant drug administration (e.g.,
G-CSF or Epo) may cause misleading dysplastic granulocyte appearances. A marrow
biopsy should be carried out to assess cellularity (Figure 2A,B) and cytogenetic analysis
and/or FISH should be carried out on a bone marrow aspirate. Pressure should be applied
to the biopsy site and a small pressure dressing should also be applied. The site should be
examined for bleeding after 30 min. The finding of a deletion of chromosome 7 carries a
poor prognosis, but the findings of other abnormalities (+8, +Y) should not alter therapeutic
strategies. Whether the uncovering of cytogenetic abnormalities during investigation of a
patient with presumed aplastic anaemia alters the diagnosis is debatable [13]. According
to Young [10], screening for the approximately 50 genes that cause constitutional marrow
failure is particularly useful in moderate and chronic pancytopenia, thrombocytopenia and
macrocytic anaemia, in children, adolescents and patients with whom immunosuppressive
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therapy has been unsuccessful. Next-generation sequencing has identified a number of
mutations (DNMT3A, BCOR, BCORL1, and ASXL1) [14].

Figure 2. Low power magnification of a bone marrow biopsy showing a normal bone marrow (A).
Note, the cellularity is clearly present and is in a ratio 1-2/1 with the adipose tissue. Low power
magnification of a bone marrow biopsy in a case of SAA. Please note the minimal residual cellularity
which is fully replaced by fatty cells (B).

MDS and SAA are two distinct conditions that share same similar feature. Up to 20%
of patients with MDS have hypocellular bone marrow and this is known as hypoplastic
MDS [15]. This entity is still classified within myeloid neoplasm; however, it represents
an overlapping condition between SAA and MDS. Therefore, is important that clinicians
are aware of it. hMDS is more commonly reported in patients with low risk MDS. The
implementation of NGS has allowed to better discriminate between SAA and hMDS. The
genes mutation more typically seen in SAA are: (i) phosphatidylinositol glycan anchor
biosynthesis class A (PIGA), (ii) BCOR/BCOR-like 1 (BCORL1), (iii) DNMT3A and (iv)
ASXL1 [16], while the following mutations are rarely seen in SAA JAK2/JAK3, RUNX1,
TP53, TET2, CUB, and sushi multiple domains 1 genes, SRSF2, U2AF1, MPL and Erb-B2
receptor tyrosine kinase 2 [17].

3. Paroxysmal Nocturnal Hemoglobinuria and Aplastic Anaemia

Heretofore, clonality was associated with malignant disease but PNH is an example of
a clonal disorder which is benign and is the result of a clonal expansion of GPI-deficient
hemopoietic cells, leading to severe symptoms and premature mortality. Many clonal
disorders affect the elderly disproportionally, such as cancer and dementia [18]. Moreover,
the presence of a clonal hemopoietic cell per se does not necessarily imply an evolution
towards malignancy (e.g., leukaemia). Similarly, somatic mutations tend to be found over
time in haematopoietic stem cell precursors (HSCP). This is particularly true in SAA, where
the evolution of the disease is believed to be caused by an emerging clone of lymphocytes
capable of attacking the stem cells. Previous studies have suggested that the increase
in a PNH clone in SAA may be the consequence of an advantage mechanism against
auto-immunity (theory of GPl-advantage). However, recent studies have shown that PNH
clones are also present in normal healthy people [19].

Identification of a PNH clone by flow cytometry is important, but it must be remem-
bered that a small clone of GPI-deficient cells does not make a diagnosis of PNH, as this
rare disease is characterised by complement-mediated intravascular haemolysis [20] and
an increased thrombogenic risk. The morbidity and outcome for PNH has been radically
altered by the introduction of the humanised-monoclonal antibody, eculizumab, aimed at
component 5 of the complement cascade [21]. Other contenders, Crovalimab, Ravulizumab
and Pegcetacoplan, all of which prevent complement-mediated haemolysis, have since
entered the race. These monoclonal antibodies also reduce or eliminate the thrombotic
risk and have reduced the requirement for HCT in PNH, other than in rare patients in
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whom aplasia is the predominant feature. All these anti-complementary agents necessi-
tate the administration of vaccines against Gram-positive encapsulated organisms and
prophylactic penicillin.

A negative diepoxybutane test (DEB) will exclude FA. The major difficulty is to
distinguish aplastic anaemia from hypoplastic myelodysplastic syndrome, which may be
very difficult. The increase in frequency of aplastic anaemia in elderly patients may make
the differentiation between hypoplastic MDS and aplastic anaemia more difficult, as MDS
incidence increases with age. Clonal evolution, which occurs in 30% of patients [22] treated
with IS, may represent undiagnosed MDS at the time of initiation of treatment or may be,
in some way, related to the treatment.

The absolute neutrophil count in the peripheral blood at diagnosis enables a classification
of very severe (neutrophils 0-0.2 x 10° /L), or severe (neutrophils 0.21-0.5 x 10° /L) aplastic
anaemia. Measurement of lymphocyte telomere length, in acquired aplastic anaemia, has
been championed by Neal Young and colleagues, but may occur in IBMF; however, this
investigation may not be diagnostic [10], and the expertise may not be available in many
haematology laboratories.

4. Clonal Haematopoiesis and Malignancy

Clonal haematopoiesis increases in frequency with advancing age. Although clonality
has been associated with malignancy, the relationship is not completely clear. PNH is a
good example of a non-malignant clonal disorder. Clonal haematopoiesis of indeterminate
potential (CHIP) is the presence of a clonally expanded hematopoietic stem cell caused by
a leukaemogenic mutation in individuals without evidence of hematologic malignancy,
dysplasia, or cytopenia. CHIP is associated with a 0.5-1.0% risk per year of leukaemia [23].
The majority of individuals have mutations in epigenetic regulators: DNMT3A, TET2,
ASXL1; DNA damage repair genes: PPM1D, TP53; the regulatory tyrosine kinase: JAK2;
or mRNA spliceosome components: SF3B1, and SRSF2. CHIP may be involved in the
development of solid cancers or immune disorders, such as aplastic anaemia and MDS.

The correct and early diagnosis is important, as the length of time to diagnose and
provide treatment influences the outcome [24].

Some clinicians contend that observational databases combined with an expert opinion
provide reliable and effective ways of determining effective new therapies in the transplant
setting [25]. However, despite the aetiology of acquired aplastic anaemia, it seems that the
pathogenesis, in the majority of patients, is auto-immune in nature. Laboratory data have
shown increased interferon-producing T cells, in the marrow of AA patients. More recently,
the “escape mechanisms of stem cells from an autoimmune T cells attack” has been strongly
suggested by the following results in AA patients: loss of heterozygosity of chromosome
arm 6p [26], loss of HLA DR 15 [27], and structural homology of HLA evolutionary
divergence, defining patterns of autoreactivity [26]. This in vitro evidence further supports
the autoimmune pathogenesis already suggested to explain the expansion of GPI negative
cells. Additional in vivo observation is the response of patients to immunosuppressive
treatment, although the effect of anti-thymocyte globulin (ATG) is more complex than
immunosuppression alone [28].

5. SAA Treatment

The standard therapy for first-line IST is ATG (antithymocyte globulin) and CsA
(cyclosporine A). Horse ATG is preferred to rabbit ATG, as it produces better results, but
horse ATG is not available in many centres/countries. Failure to respond to this (30-50%)
should initiate a search for a matched-unrelated donor or proceed with a second course
of IST with ATG + CsA + G-CSF. In the context of IST (immunosuppressive therapy), the
addition of Eltrombopag, an oral thrombopoietin-receptor agonist, has been shown to
increase the rate of haematological responses [29].

CsA should be continued for one year post-HCT with gradual dose reduction. Chimeric
studies should be carried out as a progressive reduction in donor cell proportions may
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herald graft rejection/relapse. Results of a second HCT provide conflicting results [30,31].
In a retrospective analysis, published in 1994 [32], second HCT for graft rejection had a
poor outcome of 33%, but appeared to improve in another retrospective report in 2015 [33].
In general, SAA response to treatment is dependent on the age of the patient and the
severity of the disease [26]. Haematopietic stem cell transplants (HSCT) from a matched
sibling donor is currently the gold standard for SAA patients < 50 years of age. The use
of a matched-unrelated donor (MUD) should be considered for patients who relapse after
immunosuppression (IS). The availability of new conditioning regimes has recently allowed
the acquisition of excellent results, even with haploidentical donors [34].

Cyclophosphamide and ATG remain the conditioning therapy. In older patients
(>30 years), a combination of fludarabine, cyclophosphamide with ATG or alemtuzumab
(CAMPATH) is recommended, with a reduction in the cyclophosphamide dose to alleviate
toxicity. There is no doubt that bone marrow, rather than mobilised-peripheral blood, is
the stem cell source of choice [26]. In the absence of an HLA matched sibling donor, the
use of a fully matched-unrelated donor transplant has been shown to be successful [26].
Haploidentical transplantation is now associated with excellent results; however, the use
of irradiation in some conditioning regimens is somewhat disconcerting in view of the
earlier finding of secondary malignancies in patients with aplastic anaemia, who received
irradiation as part of their conditioning [35].

6. Chimerism Issues in SAA

Laboratory animals which had the haematopoietic system of the donor following
haemopoietic cell transplantation, HCT, were called ‘radiation” chimaeras. Following
successful HCT, the recipient is known as a chimaera. The degree of chimerism (i.e., the %
of donor and recipient haematopoiesis) following HCT for aplastic anaemia may be very
important [36] in determining Graft versus Host Disease (GvHD), graft rejection, disease
recurrence or autologous recovery. There are many methods of ascertaining the degree
of hemopoietic chimerism following HCT, but the measurement of short tandem repeats,
which are highly polymorphic, have proved useful and are now measured by fluorometric
methods for clinical use.

Autologous reconstitution (AR) represents a unique event after HSC for aplastic
anaemia. AR consists of the recovery of host haematopoiesis and peripheral blood counts
after HSCT. AR differs from graft rejection, as in the former there is a complete recovery
of peripheral blood counts of recipient origin, and in the latter, pancytopenia occurs as
the most probable reflecting-disease relapse. Graft rejection has a poor outcome despite
treatment with a second HSCT, immunosuppression or donor lymphocyte infusion. AR
has an incidence of 4.2%. and may be higher, as chimerism follow up may not be regularly
performed following HSCT. Patients who developed AR showed a better OS after HSCT
84% (versus 74% of the control group) at 10 years of follow up [37].

7. SAA Guidelines

A number of guidelines have been published aimed at facilitating the diagnosis and
management of aplastic anaemia [38,39]. However, we must admit that we have a problem
with ‘guidelines’ for any clinical situation. Firstly, guidelines cannot possibly deal with all
clinical problems. Secondly, guidelines are not directives but, unfortunately, are believed
to be by some doctors and members of the legal profession. Guidelines should be brief
(the guidelines by Marsh and colleagues and Killick and colleagues are approximately
20 pages each). Although guidelines are very useful in determining strategy, they may
inhibit innovation and critical thinking [40] when applied to individual clinical situations.

Anecdote: a colleague in a large university hospital was conducting a ward round in the stem
cell transplant unit. She came to a very ill post-transplant patient and asked her accompanying
staff (who were all considered to be “high flyers”): what should we do? The answer was: consult the
guidelines; hold a multi-disciplinary conference. The patient clearly needed immediate and urgent
action and a decision needed to be made quickly.
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8. Conclusions

The survival for patients who are treated with HCT (haemopoietic cell transplantation)
or immunosuppressive therapy has significantly improved. The interrelationship between
SAA and PNH are not fully elucidated. In spite of molecular abnormalities, there is still no
diagnostic test for SAA. Since SAA is a very rare condition, patients with a suspected diag-
nosis of SAA should be referred to a malignant haematology centre capable of performing
specific genetic testing and with large experience in performing HSCT.

Overall, the prognosis for patients with severe acquired aplastic anaemia has improved
dramatically, and newer techniques in HCT may facilitate even better outcomes. The
difference between hypoplastic MDS and aplastic anaemia in the elderly is extremely
difficult. Most patients with aplastic anaemia are curable or manageable. Finally, we agree
with Andrea Bacigalupo: patients should be treated, preferentially, in experienced centres,
and at best, in the context of clinical trials [30].
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