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Diagnostic evaluation in bone marrow failure disorders: what
have we learnt to help inform the transplant decision in 2024
and beyond?
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Aplastic anemia (AA) is the prototypical bone marrow failure syndrome. In the current era of readily available ‘molecular
annotation’, application of comprehensive next-generation sequencing panels has generated novel insights into underlying
pathogenetic mechanisms, potentially leading to improvements in personalized therapeutic approaches. New evidence has
emerged as to the role of somatic loss of HLA class I allele expression in ‘immune-mediated’ AA, associated molecular aberrations,
and risk of clonal evolution. A deeper understanding has emerged regarding the role of ‘myeloid’ gene mutations in this context,
translating patho-mechanistic insights derived from wider clinical and translational research within the myeloid disorder arena.
Here, we review contemporary ‘tools’ which aid in confirmation of a diagnosis of AA, with an additional focus on their potential in
guiding therapeutic options. A specific emphasis is placed upon interpretation and integration of this detailed diagnostic
information and how this may inform optimal transplantation strategies.
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INTRODUCTION: DEFINITION AND EPIDEMIOLOGY
Aplastic anemia (AA) is an acquired bone marrow failure disorder
characterized by autoimmune-mediated destruction of hemato-
poietic stem and progenitor cells (HSPCs) [1]. The annual
incidence of the disease in Europe is estimated at 3 cases/million
and it affects both genders equally, rising to 7 cases/million in
rural areas of Southeast Asia with a slight predominance amongst
younger males [2]. Due to potential phenotypic overlap with
inherited bone marrow failure syndromes (IBMFS), in particular
those lacking a family history or evidence of classical congenital
anomalies, the incidence of the disease may be estimated as
higher during childhood due to difficulties in accurately distin-
guishing between the two groups. In adult patients, two peaks of
incidence are reported: the first between 20 and 25 years, perhaps
also encompassing a significant proportion of IBMFS with late
onset and low disease expressivity, and the second after 60 years
of age [3].
AA is a so-called diagnosis of exclusion and in over 70% of cases

it is defined as “immune/idiopathic” in nature [4]. The pathoge-
netic mechanisms underlying disease development include
several immunological processes including initial autoimmune
destruction of HSPCs mediated by T cytotoxic lymphocytes, via
the recognition of unknown human leukocyte antigen (HLA)-
restricted peptides, leading to oligoclonal hematopoiesis pro-
moted by selective advantage (Fig. 1) [5]. The latter may include
on one hand the expansion of ‘immunologically privileged’ clones
such as those harboring PIGA mutations, responsible for the

development of paroxysmal nocturnal hemoglobinuria (PNH), or
HLA aberrations. On the other hand, clonal selection of cells with
skewed myeloid proliferative potential, characterized by aberra-
tions in leukemic drivers e.g., splicing factors, may also underpin
mechanisms of selective advantage [1, 5, 6].
Typically, a suspected diagnosis of AA is confirmed by bone

marrow (BM) trephine biopsy, which is noted to be severely
hypocellular (<25% or <50% if 30% of BM is represented by
hematopoietic cells) with an absence of blasts and no evidence of
fibrosis [7]. Clinical presentation frequently manifests as trilineage
cytopenia following the immunological ‘attack’ of HSPCs via
CD8+ T lymphocytes, and the subsequent risk of infectious and
hemorrhagic complications is the major determinant of a mortality
rate greater than 70% in the most severe forms, if left untreated
[7].
According to the modified Camitta’s Criteria, severe AA (SAA) is

defined when at least two laboratory alterations are present,
including an absolute neutrophil count (ANC) < 500/mm3, platelet
count <20,000/mm3 or reticulocyte count <20,000/mm3, while
very severe AA (vSAA) is characterized by an ANC < 200/mm3 [8].
Correct classification is essential in guiding the treatment modality
of choice, especially in deciding which patients should be
considered for allogeneic hematopoietic cell transplantation
(allo-HCT), and indeed when.
Therefore, an appropriate diagnostic framework is crucial not

only for the differential diagnosis between acquired AA, IBMFS,
and other cytopenic states such as myelodysplastic syndromes
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(MDS), but also to estimate the risk of clonal evolution, which is
considerably higher than that of the general population [6, 9]. All
these features represent essential elements for the discrimination
between immune mediated AA vs other possible etiologies,
including IBMFS or hypoplastic MDS (hMDS), and hence drive
appropriate transplant or non-transplant treatment strategies [10].

DIFFERENTIAL DIAGNOSIS AND THE IDENTIFICATION OF
INHERITED BONE MARROW FAILURE SYNDROMES
The onset of the disease is often insidious and frequently
represents a clinical challenge requiring an accurate and timely
clinical and laboratory workup to facilitate appropriate treatment
and limit life-threatening complications.
At the onset of the clinical picture, a detailed medical and family

history is essential to exclude, as much as is feasible, the possibility
of an inherited IBMFS within the family. Secondary and transitory
forms of AA must also be excluded. Generally, these arise
secondary to significant hematinic deficiencies, exposure to
myelotoxic drugs, viral infections (in particular hepatitis C virus
(HCV)), concomitant autoimmune diseases and certain solid organ
or hematological neoplasms. Obtaining a detailed personal and
family history plays a crucial role, in particular for pediatric and
adolescent/ young adult (AYA) patients, to exclude the presence
of long-standing cytopenia and potential of other affected family
members. If an IBMFS is suspected, the medical history and
examination should evaluate for the presence of recurrent
infections, developmental anomalies and anatomical or tissue
alterations characteristic of specific IBMFS (Table 1) [11].
Conventional karyotyping and fluorescence in situ hybridization

(FISH) analysis from BM aspirates or occasionally peripheral blood
(PB) facilitates detection of cytogenetic alterations, important for
aiding the differential diagnosis with hMDS. However, cytogenetic
alterations can also occur in AA patients, particularly deletion (del)
13q, trisomy 8, and loss of heterozygosity of 6p. Notably, in
pediatric/AYA patients the presence of chromosome 7 anomalies
should trigger particularly close review to exclude concomitant
MDS and constitutional syndromes, even if consistent phenotypes
are absent. Conversely, identification of small PNH clones
frequently supports the diagnosis of immune-mediated AA and
sequential monitoring is essential to promptly detect secondary
PNH evolution and hence limit risks of thrombotic complications
[12, 13]. In all pediatric cases, genetic screening is crucial for
accurate diagnostic classification, even when cytogenetic or
molecular alterations characteristic of a specific disorder and/or

small PNH clones are present. It is noteworthy that in young adults
(≤40 years), IBMFS represent up to 15% of all AA cases, therefore
this possibility must be excluded by specific tests according to
both clinical suspicion and individual phenotype. (Table 1) If IBMFS
is suspected, the only curative approach is an allo-HCT, with
judicious selection of donors (inheritance of the disease and
familial segregation) and dedicated (generally toxicity-sparing)
conditioning regimens [14–16].
Extended molecular profiling (Next-Generation Sequencing,

NGS) offers the possibility of identifying specific or common
alterations that may be detected across the spectrum of AA, IBMFS
as well as in myeloid neoplasia, and for this reason this analysis
may be helpful to support the diagnosis [17]. Use of specific
extended panels containing genes implicated in IBMFS pathogen-
esis coupled with telomere length assessment can help in
identification of germline syndromes [18]. It is of utmost
importance to confirm the presence of a germline variant in an
appropriate source of DNA not contaminated by myeloid-derived
blood cells (e.g., skin cultured fibroblasts).
Table 1 showcases the diagnostic work-up in a patient with

suspected AA and the potential differential diagnoses.

DIAGNOSIS AND IDENTIFICATION OF IMMUNE-MEDIATED
APLASTIC ANEMIA
-The role of PNH clone(s)
PNH is a rare chronic condition characterized by anemia due to
intravascular hemolysis and an elevated risk of thrombosis. The
disease is caused by acquired mutations of the PIGA gene, that
leads to a glycosylphosphatidylinositol (GPI) deficiency on all cells
deriving from the mutant stem cells [19, 20]. GPI synthesis is
essential for the expression of GPI-anchored complement
regulatory proteins CD55 (C3 convertases inhibitor) and CD59
(membrane attack complex formation inhibitor) on blood cells.
Their absence generates an uncontrolled complement activation
against red blood cells (causing hemolysis), granulocytes, mono-
cytes and platelets (favouring thrombosis) [21].
PIGA-mutant blood cells may be found in healthy people (clone

size can be very small <1%) with an absence of any (apparent)
hematological alteration [22]. However, most of these are transient
due to the absence of a clonal advantage and self-renewal
capacity [23]. Indeed, PNH can be intrinsically linked to AA as
commonly PIGA mutations are supposed to represent a mechan-
ism of escape for the HSPCs from autoimmune cytotoxic attack.
Besides, rare cases of spontaneous remissions, perhaps upon

HSPCs
normal

CD8+ T cell

Clonal evolution:
-ASXL1, DNMT3A, monosomy 7

-PNH, PIGA, BCOR/BCOR1, t(8), del13q)

Apoptosis Adaptive immune escape:
6pLOH

PIGA mutations

HSPCs
defective

Additional mutations:
Genomic instability

Maladaptive immune escape:
Proliferative advantage

MDS evolution

Fig. 1 Pathogenesis of aplastic anemia. The cartoon illustrates the putative pathogenic mechanisms of development of immune aplastic
anemia and potential clonal evolution.
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cessation of such stimuli, or other forms of clonal evolution, have
also been described [24].
The detection of PNH clones is therefore useful in the workup of

patients with AA as small clones, even if not clinically significant,
may support the immune origin of the disease and seem to be
associated with better disease outcomes and indeed response to

immune suppressive therapies (IST) [6]. The gold standard assay to
assess for the presence of a PNH clone is the use of multi-
parametric flow cytometry for the expression of GPI-anchored
antigens (e.g., CD55 and CD59, among others) on granulocytes or
monocytes [25, 26]. The addition of FLAER, a fluorochrome-
conjugated inactive variant of aerolysin (a bacterial derived

Table 1. Diagnostic approach to aplastic anemia.

Test When Why Red flags

Medical and family history
• physical abnormalities,
developmental impairments
and organ or tissue
dysfunctions

• work history
• diet
• recent trips
• drugs

at diagnosis DD between acquired AA and
IBMFS
DD between secondary and
idiopathic AA

• chronic cytopenia during childhood
• short stature, physical abnormalities, absent
radius/thumb (FA, DC, DBA, T-AR)

• recurrent respiratory tract infections,
pulmonary fibrosis, emphysema or proteinosis,
monocytopenia, lymphedema, cardiac
abnormalities (primary immunodeficiencies or
GATA2 deficiency)

• leucoplakia or nail dysplasia, premature hair
graying, café-au-lait spots, pancreatic
insufficiency, liver fibrosis, renal anomalies (FA,
DC, SDS)

• ataxia, nystagmus, cognitive disorders
(SAMD9L-S)

• multiple neoplasms, gastrointestinal tumors in
young age, anorectal or head and neck
squamous cell carcinomas (DC, Li Fraumeni)

• exposure to chemicals and radiation
• vegetarian/vegan diet
• exposure to endemic infections
• myelotoxic drugs

Peripheral blood analysis at diagnosis
at diagnosis if age
≤40ys and/or allo-
HCT candidate

DD between secondary and
idiopathic AA and IBMFS

• examination of peripheral blood smear
(erythroid dysplasia, macrocytosis +/-, absence
of blasts are characteristic signs of AA;
monocytopenia may suggest GATA2)

• vitamins and oligoelements (B12, folate,
copper, zinc) viruses (HAV, HBV, HCV, HIV, EBV,
CMV, ParvoB19), autoimmune screening,
hemolysis, serum immunoglobulins and flow
cytometry to assess B-T-NK cell numbers
(primary immunodeficiencies, GATA2
deficiency), hemoglobin electrophoresis
(increased HbF may be present in IBMFS)

• PNH clone (small clones are often present in
AA and associate with response to IST)

• Telomeres length from peripheral lymphocytes
by FISH analysis (a reduction below the first
percentile is strongly suggestive of DC;
consider allo-HCT with dedicated conditioning
regimens)

• analysis of chromosome breakage (DEB test for
FA diagnosis and use of dedicated
conditioning regimens)

Bone marrow and molecular
tests

at diagnosis
at diagnosis in case of
consistent clinical
phenotypes

DD between acquired AA and
hypoplastic MDS
DD between AA and
hypoplastic MDS and clonal
evolution risk assessment
DD between IBMFS in the
absence of specific physical
characteristics or family history

• morphological and histological examination
(unilineage vs trilineage dysplasia, presence of
blasts, iron deposits and/or fibrosis)

• Conventional karyotype and FISH analysis
(generally normal in AA, sometimes anomalies
such as del13q, trisomy 8, loss of
heterozygosity of 6p may be present);
monosomy of 7 in a young patient with AA
should trigger ruling out IBMFS.

• -7/del(7q) or complex karyotype are associated
with a greater risk of clonal evolution.

• NGS myeloid genes:
- PIGA, BCOR, BCORL1 more frequent in AA
but not specific and associated with better
outcomes

- ASXL1, TP53, RUNX1, SETBP1 associated with a
greater risk of MDS evolution

• IBMFS gene panel sequencing in young adults
(e.g. monosomy 7) ideally on cultured skin
fibroblasts
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protein) able to tie to GPI-anchored antigens, has emerged as a
valuable diagnostic tool, thanks to its diagnostic efficacy
independent of cell maturation stage [12, 27, 28].
However, whilst useful in guiding AA diagnosis, the presence of

PNH clone(s) is not specific as up to 20% of patients with MDS may
also harbor small PNH clones [29]. Several studies have revealed
the presence of a peripheral blood PNH clone in bone marrow
failure syndromes, especially AA and MDS [30–33]. Generally, the
majority of these cases never experience intravascular hemolysis,
thereby defining a condition of subclinical PNH [34]. Of note, MDS
harboring PNH clone(s) were usually categorized as refractory
anemias, characterized by a hypocellular marrow, moderate to
severe thrombocytopenia, normal karyotype, HLA-DR15 positivity
and good clinical response to IST [32, 33]. Therefore, hMDS and AA
may sometimes share the presence of small PNH clones, further
‘muddying the diagnostic waters’ between these conditions [13].
The prevalence of PNH clones is generally higher in AA than in
lower risk MDS, with the clone size often being larger in AA
[33, 35].
Identification of PNH clones may impart additional information

regarding the risk of developing secondary hemolytic PNH, one of
the two late clonal evolution events that AA patients may
experience if treated with non-transplant strategies. A Japanese
study retrospectively examined PNH clone size kinetics in bone
marrow failure syndrome patients harboring a PNH clone <10% at
baseline [36]. Based on dynamic longitudinal changes of PNH
clone percentages, three groups were identified. The “expansion”
group (13 cases) comprised patients whose clone became ≥10%
at the time of last evaluation. Among these, eight progressed to
classical hemolytic PNH. The “disappearance” group (mostly
including cases with a PNH clone size originally <1%) comprised
18 cases in which the PNH clone became undetectable. The
remaining 44 cases (80% of which characterized by a PNH clone
<1%) had PNH clone(s) persistently <10% and thus were classified
as belonging to the “persistent” group. The delineation that a PNH
clone size ≥10% is associated with an increased risk of subsequent
clinical PNH development, and that detection of PNH clones <1%
generally guarantees long-term stability with no risk of clinically
relevant PNH development, has also been confirmed in indepen-
dent studies [37].
Given the aforementioned evidence, the presence of a PNH

clone in AA may be considered a factor, among others including
age, disease staging, molecular profile, donor availability, poten-
tially favouring an IST approach [8, 10, 38].

-The role of myeloid genes profiling
Recent evidence stemming from application of NGS to large
cohorts of patients with bone marrow failure syndromes and MDS
has contributed to enhanced clarification of the diagnostic
borders between these nosological entities, yet it is well
established that some genomic overlap exists. An added layer
of complexity for consideration is that myeloid gene mutations
may be a result of the oligoclonal state following the
immunological insult inherent to the pathophysiology of AA
(sometimes in a “passenger fashion”), the by-product of normal
aging (e.g., clonal hematopoiesis of indeterminate potential
(CHIP)), or rather represent actual markers of myeloid neoplasia
[17, 39, 40]. In this regard, pivotal studies have dissected the
molecular profiles of AA and compared to that of hMDS and
normo/hypercellular MDS, highlighting how the latter is enriched
with mutations in spliceosome components and chromatin
modifiers (e.g., SF3B1, SRSF2, ASXL1) [41]. In AA patients, besides
PIGA, BCOR and BCORL mutations tend to be more frequent and
generally occur in younger patients, and may be associated with a
more favorable prognosis [6, 42]. As discussed above, the baseline
molecular profile of an AA patient is important not only in aiding
the initial diagnosis but also in estimating the risk of clonal

evolution to MDS or acute myeloid leukemia (AML) following IST.
IST is clearly well established as a potential treatment approach
but paradoxically can also accelerate the process of clonal
selection by inducing the repopulation of the BM with few
residual stem cells possibly harboring myeloid mutations (a so
called ‘bottleneck effect’) [17]. Indeed, patients with AA and
myeloid mutations other than BCOR/BCORL at diagnosis have an
increased risk for myeloid progression at a median of 4.5 years
from initial diagnosis when treated with non-transplant strategies
[6]. This risk is estimated to reach up to 40% at 10 years from AA
onset and can potentially orientate the clinician to consideration
of a transplant approach either at disease onset or in those cases
demonstrating subsequent clonal evolution during follow-up
[6, 9, 39, 43].

-The role of HLA and T-cell clonality
It is now well established that specific HLA constellations, allelic
loss and presence of inactivating somatic mutations (of HLA-
class I/II alleles) represent alterations underpinning disease
development, immunological escape and clonal evolution
[5, 44, 45].
Of particular interest is the enrichment in alleles structurally

similar to DRB1*15:01, which may sustain the presence of cross
reactive and autoreactive CD4+ specificities [45]. Some reports
identified a patient-specific expansion of Influenza-A, cytomega-
lovirus (CMV), Epstein Barr virus (EBV) or mycobacterium-related T-
cell specificities. These may be responsible for mechanisms of
cross reactivity with self-antigens, sharing similar physiochemical
characteristics with pathogen-associated epitopes [45].
Recently, Olson at al [46]. Identified 19 ‘risk alleles’ and 12

‘protective alleles’ associated with AA pathogenesis. Approxi-
mately 60–85% of individuals affected by AA have HLA-A/B allelic
variations, in particular, two alleles HLA-B 14:02 and HLA-B 40:02
have been classified as highly pathogenic and their presence,
especially HLA-B 14:02, has been associated with an increased risk
of MDS-clonal evolution predominantly in adult patients [46].
However, these HLA constellations do not appear to influence the
outcome of patients undergoing IST or candidates for allo-HCT.
Analogous to PNH development, loss of expression of some HLA
alleles on the surface of HSPCs via genetic aberrancies or
epigenetic mechanisms can propagate immune-privileged hema-
topoiesis [5]. Somatic HLA mutations have been found in both
class I and II loci, highlighting the pressure of differing T-cell
clones on HLA molecules [5]. Nonetheless, whether their acquisi-
tion modifies the trajectories of clonal evolution still remains a
matter of debate, and longitudinal studies with prolonged follow
up, at present, do not confirm an independent role in promoting
malignant transformation [47, 48].
In addition to some known HLA alterations, such as copy

number–neutral loss of heterozygosity of chromosome arm 6p (6p
CN-LOH) and PNH clone(s) identification, the early diagnosis of AA
can be also supported by evaluation of T cell clonality. In most cases
of acquired bone marrow disorders (AA, PNH disease, MDS) it is
common to find a typical bone marrow infiltrate by T lymphocytes
(especially large granular lymphocytes (LGL)). Therefore, it is also
possible to study the clonality of these T cell populations through T
cell receptor (TCR) rearrangement analysis [49].
Shah et al. [50]. Evaluated the presence of PNH clones, 6p CN-

LOH and TCRγ rearrangements in a cohort of 454 pediatric and
adult patients with acquired aplastic disorders and IBMFS. Results
highlighted that unlike detection of PNH clones and the 6p CN-
LOH which have a specificity of 100% with a positive predictive
value (PPV) of 100%, confirmation of T cell clonality does not
represent a marker specific for the diagnosis of AA. However,
clonal rearrangements of the TCRγ are more frequently detected
in adult patients with acquired bone marrow disorders and in PNH
disease or hMDS (prevalence >60%) [50].
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THERAPEUTIC CONSIDERATIONS AND ROLE OF
TRANSPLANTATION
Once the diagnosis of immune-mediated AA has been established,
the decision to proceed to transplant may be complex and
necessitates consideration to many variables.
In fact, allo-HCT represents the only potentially curative option

capable of reducing the risk of clonal evolution for patients with
severe or very severe AA. However, we must bear in mind that
post-transplant outcomes are influenced by both patient char-
acteristics, such as age, performance status and co-morbidities,
and type of donor. Generally, allo-HCT represents the first-line
therapy for all young patients aged <40 years who have a
matched sibling donor (MSD) [10, 15, 51]. In the case of patients
aged >40 years or younger patients lacking a MSD, allo-HCT is in
general used second line following failure of IST, frequently based
on anti-thymocyte globulins (ATG) and cyclosporine A (CSA)
[10, 15]. In patients with severe or very severe AA aged <20 years,
allo-HCT should be considered the first choice, resorting if
necessary to an unrelated donor. Transplants with alternative
donors (mismatched related/unrelated or umbilical cord blood)
can be considered on a case by case basis but generally are
reserved for second or further line strategies even in pediatric or
AYA populations [15].
As mentioned above, in patients treated with IST, clonal

evolution can occur many years after diagnosis, therefore close
long-term disease monitoring must be carried out in order to
promptly diagnose MDS progression and rapidly proceed with
allo-HCT. In the largest study so far reported, outcomes of patients
developing MDS post-AA were best when patients were treated
with low bulk disease (<5% BM blasts) while general overall
survival was estimated at 40% at 5 years [6].
In the last decade, novel conditioning and graft-versus-host

disease (GVHD) prophylaxis regimens have dramatically changed
the scenario of patients undergoing allo-HCT, making this
procedure increasingly accessible even in the absence of a
MSD. Indeed, recent studies have demonstrated excellent
outcomes for patients with AA lacking a suitable MSD under-
going allo-HCT utilising alternative HLA-mismatched donors and
post-transplant cyclophosphamide (PTCy) for GVHD prophylaxis.
Leveraging reduced-intensity conditioning including a total body
irradiation dose of 400 cGy to reduce the risk of graft failure,
outcomes from AA allo-HCT using HLA-haploidentical donors
and PTCy have demonstrated optimal engraftment rates
(exceeding 90%) and a very low incidence of GVHD (<10%)
[52–54]. These results coupled with the high failure-free survival
rates and abrogation of the risk of life-long clonal evolution, have
questioned the treatment algorithm of patients with AA,
favouring an early referral to consideration of allo-HCT.
Furthermore, the recent results of the RACE trial, which added
eltrombopag to standard IST and demonstrated clinically
beneficial responses in 2/3 of cases by 6 months on treatment,
generated more questions as to the optimal sequential strategy
in AA [42]. Notably, the longer term follow-up of patients in this
trial is still too limited to draw general conclusions regarding the
risk of later clonal evolution and hence long-term outcomes are
eagerly awaited.
While the presence of small PNH clones (generally <10%) in

patients with AA associates with better outcomes after conserva-
tive strategies [35, 55–59], the lack of response to IST, numerous
relapses, and the presence/new acquisition of cytogenetic and/or
molecular aberrations represent elements in favor of allo-HCT as a
possible curative therapy [6].
NGS analysis allows also a more accurate estimation of clonal

evolution risk by assessing for the presence of oligoclonal or
clonal hematopoiesis. Approximately 70% of patients affected by
acquired AA may present with myeloid gene mutations typical of
clonal hematopoiesis [6, 39], thus rapid identification of molecular
mutations with an unfavorable prognosis is essential to define the

most appropriate treatment, and timely referral of patients for
allo-HCT [6, 43].
In the IBMFS landscape, allo-HCT plays an essential but

controversial role. Indeed, while potentially curative for the
hematological manifestations, it clearly cannot resolve extra-
hematological alterations and does not allow adequate control of
the risk of secondary neoplasms, which could be particularly high
in several subsets of patients. Generally, in IBMFS the first choice is
represented by allo-HCT from an unaffected MSD after appro-
priate evaluation and genetic screening. In very selected cases,
resorting to umbilical cord blood has been attempted, while the
choice of an alternative or haploidentical donor currently remains
confined to clinical trials. The main aspect to consider is the high
risk of early complications, driven by the toxicity of the
conditioning, but also the increased risk of both acute and
chronic GVHD and graft failure. For these reasons, fludarabine-
based reduced intensity conditioning regimes are mainly used.
Among the long-term complications, the high risk of second
tumors requires judicious follow-up [16, 60].

CONCLUSIVE REMARKS AND FUTURE PERSPECTIVES
To date, AA remains an extremely complex diagnosis. However,
accurate diagnostic work-up that includes comprehensive cyto-
genetic and molecular annotation can not only facilitate correct
diagnostic classification, but can additionally inform on therapeu-
tic choice/sequencing, especially in younger patients where
differing therapeutic avenues exist. Among these, the identifica-
tion of PNH clones, recurrent cytogenetic alterations, or aberra-
tions such as loss of HLA alleles and somatic mutations of genes
involved in the mechanisms of clonal evolution may be essential
variables to consider. Moreover, genetic screening represents a
fundamental diagnostic element in pediatric and AYA patients in
order to identify forms of IBMFS, where specific consideration is
necessary to personalise allo-HCT platforms in order to limit
toxicity.
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