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Abstract: Aplastic anemia (AA) is a rare, life-threatening syndrome of bone marrow failure resulted from
bone marrow hypoplasia or aplasia, leading to pancytopenia (not only anemia). The most common cause is
an autoimmune reaction of T lymphocytes against hematopoietic stem cells or, less frequently, a congenital
defect or acquired damage to these cells, which leads to inhibition of their division and differentiation. AA
can develop quickly (within a few days) or slowly (several weeks or months). The signs and symptoms are
related to anemia, neutropenia, and thrombocytopenia. The concepts of treatment of patients with AA
have significantly evolved in recent years. This is due to improved outcomes of both family and unrelated
donor hematopoietic stem cell transplantations (HSCT5) as well as to revised results of immunosuppressive
therapy (IST). The choice of the method depends essentially on three factors: the severity of AA, the age of
the patient, matched sibling donor. All patients diagnosed with AA require appropriate supportive treatment
adapted to the current clinical situation. Supportive treatment is necessary both before, during and after
invasive causal treatment, it mainly involves the transfusion of leukocyte-depleted blood components, the
use of anti-infectious prophylaxis or treatment of infections. In many cases AA, supportive therapy is the
only therapeutic option, especially in elderly patients with comorbidities. In this paper we present current
supportive treatment in this life-threatening disease.
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Introduction in young people with severe pancytopenia but results
. . . . . of specialist treatment are conditioned by appropriate
Aplastic anemia (AA) is an acquired or congenital bone P ¥ approp

. . . ) . supportive care.
marrow failure in the production of all cell lines, without PP

the presence of cancerous infiltrates and fibrosis, leading to The incidence in Europe and North America is estimated

pancytopenia. It is a disease that occurs rarely, however, it at 2-3 and 5-6 cases/million/year in Asia. AA can occur at
is fraught with serious prognosis in the absence of adequate any age, but most cases fall between 15-25 years and over
treatment. With the development of effective therapies 60 years, without gender or race differences. Its etiology is
over the years, the prognosis has changed radically, mainly not sufficiently understood (1,2).
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Table 1 Diagnostic criteria for AA based on the results of additional tests
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Aplastic anemia (AA)

Hematological parameters

Severe aplastic anemia (SAA)

Bone marrow cellularity <25% or 25-50% with less than 30% residual hematopoietic

cells two of the three criteria below: neutrophils <0.5x10%L; platelets <20x10°%/L;
reticulocytes <20x10%L

Very severe aplastic anemia (VSAA)

Non-severe aplasic anemia (NSAA)

Similar to SAA, but neutrophils <0.2x10%/L

Patients who do not meet the criteria for SAA and VSAA but with poor cell bone marrow,

who have two of three criteria: neutrophils <1.5x10%L; platelets <100x10%L; hemoglobin
concentration <10 g/dL

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-1957).

Diagnosis and severity of the disease

Acquired AA, resulting from exposure to ionizing radiation,
chemicals, drugs with strong myelosuppressive effects, or
due to viral infections (e.g., HCV, HIV, herpesviridae),
systemic connective tissue disease, blood cancer, thymoma,
pregnancy. In most cases, acquired AA is the result of an
autoimmune reaction against hematopoietic stem cells
(increased cytotoxic activity of T cells and increased
production of cytokines that inhibit hematopoiesis by
Th1 cells) and stimulation of apoptosis by the Fas/Fas-
ligand system. Typical for this disease is the impairment of
all hematopoietic lines, which in most cases coexists with
anemia, leukopenia and thrombocytopenia (3,4).

Diagnosis of AA is based on the detection of
pancytopenia in peripheral blood and in bone marrow
trepanobioptate atrophy of normal hematopoiesis, without
dysplasia. Bone marrow cellularity does not exceed 25%
of age norm. In peripheral blood morphology, mono- or
bipenia, erythrocyte macrocytosis, and lymphocyte count
within reference limits observed in the early stages of the
disease. The severity of AA are classified according to the
haematological values (Tible 1) (5).

Clinical presentation

Signs and symptoms depend on the degree of peripheral
blood cytopenia. The clinical picture may be dominated
by the symptoms of haemorrhagic diathesis related
to thrombocytopenia: the presence of characteristic
ecchymosis on the skin and a tendency to spontaneously
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bruise, to bleeding from mucous membranes, bleeding
from the nose, from the gums, from the digestive, genital,
urinary tract. Patients often have severe atypical infections
associated with severe neutropenia. The presence of
tonsillitis with the presence of necrotic, ulcerative and aft-
like lesions is characteristic. Typical is the lack of response
to standard empirical antibiotic therapy. Patients with AA
have an increased incidence of severe bacterial and fungal
infections (5-7). AA may coexist with nocturnal paroxysmal
hemoglobinuria (PNH) or myelodysplastic syndromes
(MDS). This relationship may become evident when a
patient with AA is observed to have hemolysis or thrombosis
or when PNH is transformed into bone marrow hypoplasia.
Abnormal blood cells are thought to initiate an immune
response that damages hematopoietic stem cells and other
hematopoietic precursors (8-10). In one prospective adult
study, the PNH cell population in peripheral blood (range:
0.5% to 23.1%) accounted for 68% of 122 patients with
newly diagnosed AA (11). Chromosomal abnormalities
characteristic of MDS are observed in a smaller number
of patients with AA (estimated 5-15%). Dysplastic
hematopoietic stem cells in MDS may undergo immune
depletion by T cells and lead to bone marrow hypoplasia,
characteristic of AA. This subgroup of MDS patients
presents hypoplastic bone marrow that has some features in
common with AA/PNH (12,13).

Differential diagnosis of AA also includes other causes of
pancytopenia, such as megaloblastic anemia, bone marrow
infiltration (myelofibrosis), various cancers, sequestration/
redistribution (hypersplenism), large granular lymphocytic
leukemia or acute myeloid leukemia (AML). Physical
examination, peripheral blood smear assessment and bone
marrow biopsy allow for the diagnosis of these disorders
and exclusion of AA, but more specialized tests (cytogenetic
or molecular diagnostics) are often required (5,6).
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Managment of patients with AA

The management of patients with AA depends on the cause
and severity of pancytopenia. In patients with acquired AA,
the therapeutic strategy is different compared to patients
with congenital AA. In current therapy recommendations,
its selection depends on the severity of symptoms, the
patient’s age, the availability of a compatible donor, and
comorbidities. For patients under 50 years of age with very
severe and severe plastic anemia (VSAA/SAA), allogeneic
hematopoietic stem cell transplantation (allo-HSCT)
from a matched sibling donor remains standard first-line
therapy, while for other patients with VSAA/SAA without a
matched sibling donor, immunosuppressive therapy (IST)
with antithymocyte globulin (ATG) and cyclosporin A
(CsA) using eltrombopag, which has a beneficial effect on
treatment outcomes. Appropriate supportive treatment is an
integral element of therapy in patients with AA (14-16).

Supportive care

Patients after IST and allo-HSCT treatment require long-
term symptomatic management including platelet cell
concentrate and red blood cell concentrate transfusions
and treatment of infectious complications. In very elderly
people or with moderate pancytopenia, these interventions
may be the only therapy used (17). For any patient for allo-
HSCT, transfusions should be used selectively to reduce the
risk of immunization to donor antigens. Blood preparations
from siblings or a family donor should be carefully avoided
in order to minimize the risk of transplant failure caused by
an immune response to donor antigens (18). Basically, low-
leukocyte and irradiated products (25-30 Gy dose) are used
to reduce, among others risk of febrile post-transfusion
reactions, likelihood of alloimmunity, as well as prevention
of cytomegalovirus (CMV) infection (19,20).

The indication for the administration of red blood cell
concentrate transfusions is a decrease in hemoglobin (HGB)
concentration below 6 g/dL and prophylactic platelet
transfusions should be performed when the patient’s platelet
count (PLT) drops below 10x10°/L. In the presence of
concomitant complications, such as fever or bleeding, the
PLT number should be maintained >20x10°/L to reduce the
risk of life threatening haemorrhage (21).

Chelating treatment

Patients with AA who receive multiple red blood cell
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transfusions are at risk of iron overload and associated
organ damage (22). Transfusion of one unit of red blood
cell concentrate provides about 150-200 mg of iron, while
the daily physiological loss is about 1.5 mg. Symptoms of
iron storage (secondary hemochromatosis) may occur after
transfusion of 10-20 units of red blood cell concentrate.
Iron overload is assessed based on serum ferritin, magnetic
resonance imaging of the heart and liver, and liver biopsy
histopathology. Patients undergoing allo-HSCT or IST
who have responded to treatment and demonstrate signs of
secondary hemochromatosis can be treated by phlebotomy
(23,24). There are no specific guidelines for phlebotomy
after allo-HSCT in patients with AA. According to
generalny accepted principles, chelating treatment is needed
if the ferritin concentration is in the range 1,000-1,500 pg/L,
which corresponds to the iron content: 7 mg/g dry weight
of liver tissue (25). It should be emphasized that the benefits
of chelating therapy in the group of patients with AA
are generally unknown and no guidelines for its use are
available. The most commonly used drug is deferoxamine
(Desferal), administered at an initial dose of approx.
Forty mg/kg/24 h in long-term (at least 10 h) subcutaneous
or intravenous drip for 5 days a week. Subcutaneous
administration is usually not possible in patients with
SAA due to comorbid thrombocytopenia (26). Ferritin
levels should be monitored every few weeks and the dose
should be adjusted accordingly. Some observations suggest
a possible benefit of chelation therapy with deferasirox
(Exjade), a chelating drug for oral use. To reduce iron
overload, it is used chronically at a dose of 30 mg/kg/day,
and preventively at 20 mg/kg/day. In a prospective 1-year
study on the evaluation of iron chelation in patients
receiving deferasirox (Exjade), its efficacy and safety were
assessed in 116 padents with AA.

Median ferritin levels were reduced from 3,254 to
1,854 ng/mL after 1 year in both untreated and previously
treated patients. The decrease in mean alanine
aminotransferase over 1 year significantly correlated with
the decrease in serum ferritin (27). In another report of
72 AA patients receiving deferasirox, transfusion
independence was observed in 46% of patients with
chronic non-severe AA, not undergoing IST therapy,
and in 40% of patients who received concomitant IST.
In addition to reducing iron overload, deferasirox had an
effect on haematological parameters in some patients with
AA (increased PLT and HGB), however, further studies
are needed (28). Registered in Europe in 2018, the oral
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chelating drug Deferiprone (Ferriprox) is not recommended
in AA, among others due to induction of neutropenia in an
unknown mechanism.

Prevention/treatment of infection

There are no specific guidelines for the prophylactic
antibacterial or antifungal treatment of patients with
VSAA/SAA. Some experts suggest the use of prophylactic
antifungal therapy with voriconazole or posaconazole
in individuals with ANC (absolute neutrophil count)
<500 cells/pL based on better survival after use in patients
after HSCT with acute leukemia (17,29). The use of
preventive antibiotic therapy is controversial, its use in
some patients reduces mortality, but also increases the
risk of drug resistance and causes adverse changes in
the intestinal microflora; in addition, some antibacterial
drugs myelosuppressive. During lymphopenia after ATG
treatment, prevention of pneumonia of the etiology of
Pneumocystis jirovecii should be used, choosing an alternative
drug for trimethoprim-sulfamethoxazole due to its
myelosuppressive effect. Antimicrobial prevention with
quinolone antibiotics in patients with VSAA may reduce the
risk of Gram-negative sepsis, but routine use of antibiotics
in patients with higher neutrophil count not recommended
to reduce the development of antibiotic resistance (30).
A patient with AA with fever requires immediate
hospitalization and treatment without waiting for the
results of bacteriological tests. Initially, an aminoglycoside
antibiotic is administered in combination with B-lactam
active against Pseudomonas aeruginosa. If the patient has
fever for 2 days despite antibiotic therapy, suspected fungal
infection and immediately start intravenous antifungal
Aspergillus (amphotericin) or voriconazole or caspofungin.
Fungal cause should be suspected especially of inflammatory
changes in the lungs or sinusitis (31). In the absence of
response to antibiotic and antifungal agents, short-term
treatment with granulocyte colony-stimulating factor
(G-CSF) should be considered. Routine use of G-CSF
outside of eutropenic fever episodes is controversial.
For patients not responding to anti-infective therapy, a
granulocyte concentrate may be used. So far, however, the
clear benefits of their use have not been confirmed (32).
The benefits and risks of vaccines in AA also remain
controversial because of the risk of immune activation, and
some AA guidelines do not recommend vaccination except
for patients after allo-HSCT. Vaccination efficacy for AA
patients also remains controversial due to the risk of immune
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activation, and some AA guidelines do not recommend
vaccination except for patients after allo-HSCT (6).

The role of growth factors

The concentration of hematopoietic cytokines (growth
factors) are quite high in patients with AA and are not
generally used as part of routine management. Exceptions
include the possibility of using G-CSF in patients with
frequent or severe infections, and the use of thrombopoietin
receptor agonists (i.e., Eltrombopag) initiating signaling
cascades that induce proliferation and differentiation
of megakaryocytes from bone marrow progenitor cells.
Eltrombopag is recommended for patients with refractory
disease, although it is currently also recommended for
first-line treatment with IST. In contrast, G-CSF is not a
standard therapy in AA. There is no evidence that G-CSF
corrects a hematopoietic stem cell defect in AA (33,34).
In addition, the use of G-CSF in IST was not associated
with an improvement in response or survival rates. Another
issue related to G-CSF administration is the fear that it
may promote the development or evolution of a clonal cell
population with cytogenetic abnormalities or mutations
that may predispose the patient to the development of
myelodysplasia or AML. The role of G-CSF in clonal
evolution (if present) is difficult to determine because
patients with acquired AA have an elevated baseline risk
of clonal disorders. Similarly, erythropoietin is not used in
AA therapy because there are not enough erythropoietic
precursor cells in the bone marrow to be effective (35).

Conclusions

AA is a rare, life-threatening syndrome of bone marrow
failure. Transplant-based therapies or IST recommended
depending on the severity the disease and the patient’s age is
crucial but the very important role of supportive treatment
should be appreciated. Improved prognosis in patients with
AA is associated with greater effectiveness of supportive
therapy. However, there are no clear recommendations.
Primarily, appropriate treatment of infections in
neutropenic patients should be instituted. Intravenous
broad-spectrum antibiotic therapy in combination with
antifungal and antiviral agents is recommended. Treatment
of severe infections with growth factors such as G-CSF
is also useful in AA patients. They provide a transient
increase in the number of granulocytes needed to control
the infection. Erythropoietin is ineffective, therefore
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the use of its recombinant preparations is not justified.
Supportive treatment should also include the transfusion
of leukocyte-depleted and irradiated blood components,
platelet and red blood cell concentrates, necessary in
causally treated patients, and in elderly patients with anemia
and thrombocytopenia, in whom aggressive treatment
is contraindicated. Multiple blood cell transfusions are
associated with iron overload, hence the need to monitor
ferritin levels and implement appropriate iron overload
treatment. Comprehensive therapy of a patient with AA,
taking into account his causal treatment and the necessary
supportive treatment, depending on the clinical condition,
will guarantee the achievement of therapeutic success.
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