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1. INTRODUCTION 

By origin, aplastic anaemia (AA) was 

considered to be heterogeneous and thereby was 

virtually impossible to study methodically. In 

due course of time, as progenitor assays were 

established, different factors could be held 

supposedly accountable for failure to form 

colonies in tissue culture, ranging from 

quantitative and qualitative flaws in 

haematopoietic stem cells during differentiation 

to a lack of stroma support or inadequate 

cytokine production or the effects of a chemical 

poison. In superseding periods, with 

advancement in research, our understanding of 

AA has stuck around a combined immune 

mechanism of haematopoietic stem cells 

damage. Remission was achieved in the AA 

patients after effective immunosuppressive 

therapies. Nowadays, with the developments of 

technical knowledge few numbers of cells can 

be effortlessly assayed by cell biology, 

biotechnology, flow-cytometry, molecular 
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biology and immunology. As a result, we have 

got a more depth, lucid, sensible and rational 

view of the pathophysiology of AA. Now it can 

be stated that, AA is a rare but heterogeneous 

haematological disorder characterized by 

pancytopenia with a hypocellular bone marrow. 

Bone marrow (BM) is a soft, spongy tissue. This 

is the factory which makes enough red blood 

cells (RBC), white blood cells (WBC) and 

platelets. The red cells carry O2, CO2 to the 

body, white cells that fight against infection, and 

platelets helps in blood coagulation. BM failure 

happens when it is unable to keep up with the 

body's need for healthy blood cells. In 

approximately 15-20% of patients the disease is 

constitutional or inherited (IAA- inherited 

aplastic anaemia).
[1] Despite advancement in our 

understanding of the pathophysiology of AA, 

still 70-80% of these patients are categorized as 

acquired aplastic anaemia (AAA). It has also 

been documented that in 50% of the confirmed 

patients of AAA, the cause of the disease is 

unknown.
[2]

 It is called idiopathic aplastic 

anaemia when the primary aetiology is 

unknown. A global forecast report on AAA 

market research is expecting to grow at a CAGR 

(compound annual growth rate) of 7.6 % during 

the forecast period 2017-2023. AA shows a 

bimodal distribution with highest frequency 

occurring between the ages of 15-25 years and a 

second peak after 60 years.
[3] 

Being an Asian 

descent makes someone 3 times vulnerable to 

develop this disease at any point of their life 

than a European. It can happen to anyone of any 

race and ethnicity. This disease affects men at 

the same rates that it affects women. The 

treatment of AA is performed by allogeneic 

stem-cell transplantation or immunosuppressive 

therapy (IST). It is understood that the disease 

AA share an overlapping field with some other 

marrow failure syndromes. Clonal 

hematopoiesis in AA has been found to be 

linked to the evolution of late clonal disorders, 

including paroxysmal nocturnal 

haemoglobinuria (PNH), myelo-dysplastic 

syndromes (MDS) and acute myeloid leukaemia 

(AML). These are the common complications 

after successful immunosuppressive therapy 

(IST). In some autoimmune diseases where the 

other organ systems are involved, an occasional 

marrow aplasia can be pointed out. Our concern 

in this constrained review is to highlight the 

etiological role of environmental and genetic 

factors associated with AA. This is the first 

review article on AA from Eastern India. This 

will be helpful for the readers to achieve an 

insightful knowledge on AA. 

2. ETIOLOGICAL CLASSIFICATION  

Depending on the contemporary knowledge AA 

can be divided in to two categories
[3]

 

i. Congenital/Hereditary/Genetic/Inherited 

Aplastic Anaemia 

ii. Acquired aplastic anaemia 

2.1. Congenital/Hereditary/Genetic/Inherited 

Aplastic Anaemia 

2.1.1. Fanconi Anaemia (FA) 

Fanconi Anaemia (FA) is the mostly found 

constitutional, an autosomal recessive AA. It is 

discovered by Guido Fanconi in three brothers’ 

in 1927.
[4]

 FA results from the defects in genes 

that is responsible for the modulation of DNA 

stability. It is a rare disorder with incidence of 1 

in 360,000 births.
[5]

It is frequent in Afrikaners 

who are European descent.
[6] 

2.1.2.  Dyskeratosis Congenita (DKC) 

Dyskeratosis Congenita (DKC), also known as 

Zinsser-Engman-Cole syndrome, was first 

described in 1906. Evidence exists for 

telomerase dysfunction, ribosome deficiency, 

and protein synthesis dysfunction in this 

disorder. It is much more common in males than 

in females and occurs in approximately 1 per 

million population.
[7]

 

2.1.3. Shwachman-Diamond Syndrome (SDS) 

Shwachman-diamond syndrome (SDS) was first 

described in 1964.
[8] 

It is an uncommon 

inherited disorder that found in every 100,000 

births. It affects 1 in 75000 AA patients.
[9]

 

2.1.4. Diamond Blackfan Syndrome (DBS) 

The disease was discovered by Hugh W. 

Josephs in 1936.
[10]

 The condition is however 

named after the pediatricians Louis K. Diamond 

Kenneth Blackfan, who described congenital 

hypoplastic anaemia in 1938.
[11]

Diamond-

Blackfan anaemia (DBA) is caused by 

mutations in several genes. Identified genes 

include but are not limited to: RPS19, RPL5, 

RPS10, RPL11, RPL35A, RPS7, RPS17, RPS24, 

RPS26 and GATA1 genes. The incidence of 

DBA is 1:100,000 and 1:200,000 live births; it 

remains consistent across ethnicities.
[12]

 

2.1.5. Other Inherited Rare Syndromes 

Associated with Aplastic Anaemia 

Several other rare syndromes are associated 

with aplastic pancytopenia. These are Ataxia-

pancytopenia (myelocerebellar disorder),
[13] 

Congenital amegakaryo-cytic 

http://ghr.nlm.nih.gov/gene/RPS19
http://ghr.nlm.nih.gov/gene/RPL5
http://ghr.nlm.nih.gov/gene/RPS10
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thrombocytopenia,
[14]

 DNA ligase IV 

deficiency,
[15]

 Dubowitz syndrome,
[16]

 Nijmegen 

breakage syndrome,
[17]

 Reticular dysgenesis
[18]

 

Seckel syndrome,
[19] 

and WT syndrome
[20]

. 

2.2. Acquired Aplastic Anaemia (AAA) 

In acquired aplastic anaemia (AAA), the 

causesitive factor can be drugs, toxic chemicals, 

viruses, Paroxymal Nocturnal Hemoglobinurea, 

Autoimmune/connective tissue disorders, 

Thymoma and thymic carcinoma, Pregnancy, 

Iatrogenic and sometimes unknown factors. 

2.2.1. Drugs 

Previously only few drugs were thought to be 

related with AAA but from various research and 

studies,
[21]

 now the drugs can be divided into 

three categories 1) High risk, 2) Intermediate 

Risk and  3) Low Risk. Surprisingly, no 

reasonable mechanism has been established for 

the most infamous pharmaceutical, 

chloramphenicol, or for other agents such as 

penicillamine or gold. Patients of permanent 

marrow aplasia after idiosyncratic exposure 

must be studied vigorously to illuminate the 

extremely sensitive mechanism of the hidden 

metabolites. 

2.2.2. Toxic Chemicals 

The first chemical was benzene, found to be 

associated with AA.
[22]

 Benzene is a widely used 

chemical and involved in the manufacture of 

chemicals, drugs, dyes, explosives, rubber, 

leather goods, shoe industry etc… Many 

patients of AA have been attributed to 

pentachlorophenol (PCP) over the past 25 

years.
[23]

 Prolonged exposures to petroleum 

(Stoddard solvent, smoke, liquid form) can be a 

cause of marrow aplasia.
[24]

 Again toluene is an 

extensively used industrial chemical. 

Trinitrotoluene (TNT), an explosive, is absorbed 

readily by inhalation and through the skin.
[25]

. 

Many workers exposed to TNT in Great Britain 

during 1940-1946 were in the claws of AA.
[26]

. 

Even the acute exposure to toluene through the 

practice of glue sniffing also have been 

described to cause marrow aplasia
[27]

. Some 

studies have focused that pesticides 

(Organochlorine and Organophosphate) are 

related with the onset 
[23] 

to the disease, 

especially those who are associated with 

agricultural exposure.
[28]

DDT 

(dichlorodiphenyltrichloroethane), lindane and 

chlordane are insecticides which are linked to 

AA.
[23][29]

 

2.2.3. Viruses 

Hepatitis, following the development of AA has 

been the observed, and this association was 

clearly highlighted by the two major 

reviews.
[30]

Although hepatitis A and B have 

been implicated in aplastic anaemia in a small 

number of patients, but most of the patients, are 

linked to non-A, non-B, non-C hepatitis.
[31]

 

Many reports recommend a relationship of 

parvovirus B19 with aplastic anaemia,
[32]

 

whereas others have not.
[33]

Epstein-Barr virus 

(EBV) has been found to be associated with 

pathogenesis of aplastic anaemia.
[34]

 Human 

immunodeficiency virus (HIV) infection is often 

associated with cytopenia. The marrow is 

occasionally hypoplastic.
[35]

Human herpes virus 

(HHV)-6 is a cause of severe marrow aplasia in 

post transplantation condition.
[36]

 

2.2.4. PNH 

PNH is characterized by an acquired mutation in 

the PIG-A gene that encodes an enzyme that is 

required to synthesize mannolipids. Deficiency 

of mannolipids prevents the synthesis of the 

glycosyl-phosphatidylinositol anchor precursor. 

This moiety anchors several proteins, including 

inhibitors of the complement pathway to blood 

cell membranes and its absence accounts for the 

complement-mediated hemolysis in PNH. PNH 

is often associated with reduced BM function 

caused by AA.
[37]

 

2.2.5. Autoimmune/Connective Tissue Disorders  

The systemic lupus erythematosus is irregularly 

associated with AA.
[38]

 The patients have 

improved after plasmapheresis,
[39]

 

glucocorticoids 
[40]

 or cyclophosphamide 

therapy
[41]

which is consistent with an immune 

etiology. Eosinophilic fasciitis, a rare connective 

tissue disorder has been associated with aplastic 

anaemia. The manifestation includes painful 

swelling, induration of the skin and 

subcutaneous tissue.
[42]

Auto immune thyroid 

diseases are reported to be associated with 

AA.
[43]

 AA has also been reported in association 

with thymoma.
[40]

The causal connection may be 

the role of cytotoxic T lymphocytes in the 

pathogenesis of numerous autoimmune diseases 

and in AA.
[44]

 

2.2.6. Pregnancy  

Ehrlich describes the first incidence of AA in a 

pregnant woman.
[45] 

There are a number of 

reports of pregnancy-associated aplastic 
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anaemia, but the connection between the two 

circumstances is unclear.
[46][47] 

In some patients, 

pre-existing aplastic anaemia is aggravated with 

pregnancy, recovery achieved following 

termination of the pregnancy.
[46]

A woman 

patient of AA previously treated with 

immunosuppression can give birth of a normal 

new born.
[47] 

 

2.2.7. Iatrogenic 

Radiation: A dose of 4.5 Gy (Gray) leads to 

death in half the individuals (LD50) and higher 

doses in the range of 10 Gy are universally fatal. 

Cytotoxic drug therapy: BM aplasia follows 

cytotoxic drug therapy for cancers and is an 

anticipated and transient toxic effect for a 

variety of nonmalignant diseases. 

2.2.8. Stromal Microenvironment and Growth 

Factors 

Very few studies have emphasized on the 

stromal microenvironment and growth factors. 

In AA patients serum levels of stem cell factor 

(SCF) have been found either moderately low or 

normal.
[48]

Another growth factor, FLT-3 ligand, 

is 30 to 100-fold higher in the serum of patients 

with aplastic anaemia.
[49]

Elevated level of 

granulocyte colony-stimulating factor,
[50]

 

erythropoietin,
[51] 

and thrombopoietin (TPO)
[52] 

are found in AA. IL-1, an early stimulator of 

hematopoiesis, is decreased in mononuclear 

cells from patients with AA.
[53] 

Microenvironment studies have shown 

relatively normal stromal cell proliferation and 

growth factor construction.
[54]

 

2.2.9. Idiosyncratic Reactions  

Genetic dissimilarities in drug metabolism, 

particularly in detoxification of reactive 

intermediate compounds is still not in attention. 

Some studies have focused on the over 

representation or deletions in the drug-

metabolizing glutathione-S-transferase genes 

GSTM1, GSTT1, which would increase 

concentrations of toxic drug intermediates.
[55] 

2.2.10. GVHD in Immunodeficiency 

For transfusional support leukocyte-depleted 

blood product should be used to minimise the 

chance of leukocyte & platelet sensitization, 

transfusion reactions and graft-versus-host 

disease (GVHD). It is important not to transfuse 

AA patients with red cells (or platelets) from 

family members if transplantation done from the 

sibling donor, as this approach may sensitize 

patients to minor histocompatibility antigens, 

thereby increasing the risk of graft rejection. 

3. EPIDEMIOLOGY 

The incidence of AA in the Western countries is 

approximately 2 per million per year, but it 

occurs more commonly in the Far East, with a 2 

to 3-fold higher.
[56]

A study from France showed 

that incidence of AAA was approximately 2 per 

1,000,000, per year.
[57] 

Another study from 

Barcelona found that, overall incidence was 

2.34 per million inhabitants per year and the 

incidence increased with age.
[58]

 A Brazilian 

study indicated that, annual incidence of AA in 

Parana was 2.4 patients per 1000000 

inhabitants.
[59] 

However, in Canada it is 2.4 per 

million per year among children aged up to 14 

years.
[60]

. In China, a study demonstrated that 

the incidence of AA is approximately 7 per 

1,000,000 per year.
 [61]

 But another study in 

China it is projected to be 7.4 patients per 1 

million people.
[62] 

The occurrence of AA is 4 per 

1,000,000 in Thailand.
[29]

. An epidemiological 

study found the incidence to be 5 per 1,000,000 

in Malaysia.
[63]

. The largest study on the 

epidemiology was carried out by the 

International Aplastic Anaemia and 

Agranulocytosis Study (IAAAS) in Europe and 

Israel from 1980 to 1984 and found that the 

overall annual incidence was 2 per  million 

people.
[62] The annual incidences of AA in 

Bangkok and in Thailand were determined to be 

4 per million people in the capital and 5.6 per 

million people in Khonkaen.
[29]

From various 

published research article, personal 

communications, hospital-based studies and 

first-hand observations it is found that, AA is 

more prevalent in less developed countries. The 

geographic variation in its incidence is still 

unexplained. Only one hospital based study 

from Lucknow, India, showed the annual 

incidence of childhood AA was 6.8 per 

million.
[64].

 

4. POTENTIAL MECHANISMS RESPONSIBLE 

FOR MARROW FAILURE 

4.1. Pathophysiological Mechanism of 

Marrow Failure in FA 

After DNA damage when a replication fork 

encounters a DNA cross-link, ATR (ataxia 

Telangiectasia and rad3-related protein) is 

activated. This leads to the activation of the FA 

pathway as well as cell-cycle checkpoint 

activation via the ATM (Ataxia Telangiectasia 

Mutated) protein. Thirteen complementation 
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groups, defined by somatic cell hybridization, 

are associated with the development of FA.
[7]

 

The complementation groups have been 

designated as FANC A, B, C, D1, D2, E, F, G, I, 

J, L, M, and N. The most frequent mutations are 

found in FANCA, FANCC, or FANCG.
[65]

It has 

been proposed that the A and C genes produce 

cytoplasmic proteins forming a “FA core 

complex”, whereas the products of genes B, E, 

F, G, L and M form adaptors or 

phosphorylators.
[66][67]

. The complex 

translocates to the nucleus, ubiquitylates 

FANCD2 (FANCD2-Ub) and FANCI (I-Ub). 

The I-Ub/FANCD2-Ub complex is then targeted 

to the chromatin containing the cross link where 

it interacts with BRCA2 and possibly other 

DNA repair proteins like BRCA1, 

FANCD1/BRCA2, FANCN/PALB2, and 

RAD51.
[67]

 By this FA/BRCA pathway the cells 

are protected from DNA cross-linking, there by 

participating in DNA repair mechanism. In the 

presence of a mutant protein, the normal 

function is hampered, leading to the damage of 

hematopoietic stem cells and bone marrow 

failure. 

 

Figure1. Showing the representative picture of the 

FA/BRCA pathway. After DNA damage when a 

replication fork come across a DNA cross-link, ATR 

(ataxia telangiectasia and rad3-related protein) is 

activated. This event triggers the activation of the FA 

pathway as well as cell-cycle checkpoint activation 

via the ATM (Ataxia Telangiectasia Mutated) 

protein. Activation of the FA pathway leads to the 

formation of the “FA core complex” (consisting of 

the FA proteins A, B, C, E, F, G, L, and M). 

Activated FA core complex ensures the 

monoubiquitination of FANCD2 (FANCD2-Ub) and 

FANCI (I-Ub). Then I-Ub/FANCD2-Ub complex is 

targeted towards the cross link where it interacts 

with BRCA2 and possibly other DNA repair proteins 

(e.g., RAD51, J, N) leading to the repair of the DNA 

damage. Proteins mutated in the different FA 

subtypes are shown in pink. 

4.2. Pathophysiological Mechanism of 

Marrow Failure in DKC 

DKC is instigated by telomerase and telomere 

complex dysfunction. It can be inherited as 

recessive X- linked disorder but rarely can be 

autosomal dominant or autosomal 

recessive.
[7]

To date, there are 14 genes that have 

been identified with DKC (ACD, DCK1, TERC, 

TERT, NOP10, NHP2, TINF2, USB1, TCAB1, 

CTC1, PARN, RTEL1, WRAP53, and C16orf 

57).
[68]

 The telomerase complex which are 

nucleotide tandem repeat structures (e.g., 5′-

TTAGGG-3′) resides at the termini of 

eukaryotic chromosomes are responsible for 

maintenance of length of telomeres. Telomerase 

restores the G-rich telomere repeats which are 

lost as a result of end-processing during cell 

division, thus maintain chromosome integrity by 

preventing end to end fusion, chromosome 

degradation and chromosome instability. 

Rapidly proliferating cells are at highest risk for 

dysfunction and may lead to bone marrow 

failure. Telomerase is an RNA-protein complex. 

DKC1gene encodes dyskerin, which is a 

conserved multifunctional protein component of 

the telomerase complex.  

 

Figure2. Showing the representative picture of the 

interaction between dyskerin and the other molecules 

(GAR1, NHP2, NOP10, TERC, and TERT) of the 

telomerase complex. TERC is an RNA molecule that 

is never translated. Thus Telomerase is an RNA-

protein complex. Dyskerin, GAR1, NHP2, NOP10 

and TERT are the other protein molecules, which are 

involved. The active telomerase enzyme is composed 

of two molecules each of TERT, TERC, and dyskerin. 

Dyskerin, GAR1, NHP2, and NOP10 are essential 

for the steadiness of the telomerase complex. 

TERC is the RNA component of the telomerase 

that is never translated and TERT is the reverse 

transcriptase. The minimal active telomerase 

enzyme is composed of two molecules each of 

TERT, TERC and dyskerin. The TERT uses to 
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synthesize the 6-bp repeats on the 3′ end of 

telomeric DNA. Dyskerin, GAR1, NHP2, and 

NOP10 are important proteins for the stability of 

the telomerase complex. Shelterin complex has 

six subunits TRF1, TRF2, POT1, RAP1, TIN2, 

and TPP1 and they can operate in smaller 

subsets to protect telomere. TINF2 is a 

component of the shelterin complex, which 

helps in the distinction of telomeres from sites 

of DNA damage, preventing their otherwise 

inappropriate processing.
[69]

 

4.3. Pathophysiological Mechanism of 

Marrow Failure in SDS 

SDS results from mutations in the SBDS gene 

on chromosome 7q11. It is responsible for 

cellular apoptosis via the FAS pathway.
[70].

 This 

hyper-proliferation results in the abnormal 

telomere shortening. The pathogenic mechanism 

that (1) prevents development of pancreatic 

acinar cells, (2) results in abnormal bone 

morphogenesis, and (3) causes marrow 

impairment of blood cell production is still not 

understood.  

4.4. Pathophysiological Mechanism of 

Marrow Failure in DBS 

Diamond-Blackfan anaemia (DBA) is caused by 

mutations in the RPL5, RPL11, RPL35A, RPS7, 

RPS10, RPS17, RPS19, RPS24, and RPS26 

genes. These genes provide instructions for 

making several of the approximately 80 

different ribosomal proteins, which are 

components of cellular structures called 

ribosomes. Approximately 25 percent of 

individuals with DBA have identified mutations 

in the RPS19 gene. Another approximately 25 to 

35 percent of individuals with this disorder have 

been identified with mutations in the RPL5, 

RPL11, RPL35A, RPS7, RPS10, RPS17, RPS24 

or RPS26 genes. In the remaining 40-50% of 

patients, the cause of the condition is unknown. 

The specific functions of each ribosomal protein 

within these subunits are unclear. Some 

ribosomal proteins are involved in the assembly 

or stability of ribosomes. Others help in carrying 

out the ribosome's main function of building 

new proteins. Studies indicate that a shortage of 

functioning ribosomal proteins may increase the 

self-destruction HSC in BM, resulting AA.
[71]

 

4.5. Pathophysiological Mechanism of 

Marrow Failure in Acquired Aplastic 

Anaemia 

The common pathway to the clinical disease is a 

decrease in blood cell formation in the marrow. 

The number of marrow CD34+ cells (multi-

potential hematopoietic progenitors) and their 

derivative colony-forming unit–granulocyte-

macrophage (CFU-GM) and burst forming unit-

erythroid (BFU-E) are reduced markedly in 

patients with AA.
[72]

 A small fraction of patients 

is initiated by a toxic & drug exposure, or viral 

infection. But the pathogenesis may also relate 

to autoimmunity as there is evidence of immune 

dysfunction in seronegative hepatitis, after 

benzene exposure. Because many such patients 

respond to anti–T-cell therapy.
[21]

.The reduced 

hematopoiesis in most patients of AAA results 

from the cytotoxic T-cell-mediated immune 

suppression of very early CD34+ hematopoietic 

multi-potential progenitor or stem 

cells.
[21]

Antigens are presented to T 

lymphocytes (Th1) by antigen presenting cells 

(APCs). This triggers T cells activation and 

proliferation. T-bet, a transcription factor binds 

to the interferon-γ (IFN-γ) promoter region and 

induces gene expression. SLAM-associated 

protein (SAP) binds to Fyn and modulates the 

signaling lymphocyte activation molecule 

(SLAM) activity on IFN-γ expression, thus 

diminishing gene transcription.  

 
Figure3. The exogenous antigens are processed by 

APC and presented towards TH1 cell. This event 

starts a number of signalling cascades. In healthy 

individuals, this interaction is supressed by the SAP 

and Fyn, which are modulator proteins. But in AAA 

patients, constitutive T-bet expression is found. T-bet 

is the transcription factor of IFN-γ, which helps to 

produce IL-2. IL-2 helps in the clonal proliferation of 

T cell. IFN-γ works on macrophages to produce 

TNF-α. TNF-α plays an important role in the 

transformation of Tc cell to cytotoxic T lymphocytes. 

Ultimately, TNF-α & IFN-γ up regulate the 

expression of T cell receptor (TCR) and Fas 

receptor, thereby enhancing apoptosis. TNF-α and 

IFN-γ are potent inducer of many genes that can 

cause the cell death by increasing the apoptosis, 

producing nitric oxide and diminishing cell cycle 

etc.. 

https://ghr.nlm.nih.gov/gene/RPL5
https://ghr.nlm.nih.gov/gene/RPL11
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https://ghr.nlm.nih.gov/gene/RPS17
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https://ghr.nlm.nih.gov/gene/RPS24
https://ghr.nlm.nih.gov/gene/RPS26
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Patients with AA show constitutive T-bet 

expression with low SAP levels. IFN-γ and 

tumor necrosis factor-α (TNF-α) up-regulate 

both the T cell’s cellular receptors and the Fas 

receptor. Increased production of interleukin-2 

leads to polyclonal expansion of T cells. 

Activation of the Fas receptor initiates apoptosis 

of target cells by Fas-ligand-Fas-receptor 

interaction. Some effects of IFN-γ are mediated 

through interferon regulatory factor 1 (IRF-1), 

which inhibits the transcription of cellular genes 

and restricts the cell cycle. IFN-γ is a potent 

inducer of many cellular genes like inducible 

nitric oxide synthase (NOS). The production of 

nitric oxide (NO) may diffuse imparts its 

cytotoxic effects. These incidences eventually 

lead to reduced cell cycling and cell death by 

apoptosis. 

5. MANIFESTATIONS  

Common symptoms of this disease are fatigue, 

shortness of breath, dizziness, and bleeding 

from the gum, nose, mouth or rectum. People 

will also bruise easily when this disease is 

present. A purplish, flat bruise is observed when 

blood leaks out into the top layers of skin is 

referred to as an ecchymosis. Patients suffer 

from pinpoint red spots on their skin and suffer 

from frequent infections. Maximum, but not all, 

affected individuals have one or more somatic 

abnormalities.
[67]

The absence of typical physical 

abnormalities like developmental delay, 

microcephaly, strabismus,  abnormality in 

gastrointestinal system, hypogonadism, café-au-

lait spots, absence or malformation of thumb, 

radius and ulnar bone etc… sometimes makes 

the clinicians confuse thus the patients remain 

undiagnosed.
[73]

Generally FA patients are 

diagnosed between the age of 3-14 years.
[74]

 

Two current studies from the same region 

focused on the fact that stress cytogenetics is 

absolutely recommended in AA patients (<50 

years) whether the patient is phenotypically 

normal or not.
[75]

 Leucoplakia, nail dystrophy 

and pigmentation of the skin are characteristic 

of another IAA, which is DKC. The median age 

was reported 7 years for DKC.
[76]

 Some affected 

patients may have none of these clinical features 

and the diagnosis is made later after failure to 

respond to immunosuppressive therapy.
[77]

 

6. DIAGNOSIS AND INVESTIGATIONS 

6.1. Detection of Pancytopenia 

According to the guidelines of BCSH and 

International Agranulocytosis and Aplastic 

Anaemia Study Group (IAAA) 1987, at least 

two criteria with hypocellular bone marrow 

must be present to define AA which are, 

neutrophil count <1.5 × 10
9
/L, platelet count 

<50×10
9
/L, haemoglobin<100 g/L, and 

reticulocyte count <40×10
9
/L. Depending upon 

the counts of the cell lineage AA can be 

classified in to three categories, very severe 

aplastic anaemia (VSAA), severe aplastic 

anaemia (SAA),  moderately severe aplastic 

anaemia (MSAA) or non-severe aplastic 

anaemia (NSAA). 

6.2. Blood Film Examination 

Blood film examination is mandatory to exclude 

the presence of dysplastic neutrophils and 

abnormal platelets, blasts cells and hairy cells. 

Anisopoikilocytosis is common in AA and 

neutrophils may exhibit toxic granulation. 

Platelets are reduced in number and size.  

6.3. Fetal Haemoglobin Percentage (HbF %) 

In Children 

HbF should be measured in children before 

transfusion as this is an important prognostic 

factor in paediatric MDS. 
[78]

 

6.4. Bone Marrow Aspiration & Trephine 

Biopsy  

Often the biopsy of AA shows numerous 

spicules with empty, fat-filled spaces with 

relatively few hematopoietic cells. Sometimes 

spicules are cellular or hypocellular. 

Hypocellular spicules are called hot spots. 

Megakaryocytes are reduced. Granulocytic cells 

generally appear normal. Occasionally mild 

macro-normoblastic erythropoiesis is found. 

6.5. Bone Marrow Cytogenetics 

AA being a disorder of myloid cell lineage it is 

important to do the cytogenetics from BM not 

from PVB. In AA the BM is hypocellular and 

often insufficient metaphases are obtained. The 

results of karyotype are generally normal in AA. 

Clonal cytogenetic abnormalities in otherwise 

apparent AA are indicative of an underlying 

hypo-accumulative clonal myeloid disease.[79]. 

It was previously assumed that the presence of 

an abnormal cytogenetic clone indicated a 

diagnosis of MDS but not AA, but according to 

the literatures abnormal cytogenetic clones may 

be present in up to 12% of patients with 

otherwise typical AA at diagnosis.
[79]
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6.6.Exclusion of Inherited Aplastic Anaemia 

Chromosomal breakage test/Stress cytogenetics 

is performed to identify or exclude FA. PVB 

lymphocytes should be tested for spontaneous 

breaks by diepoxybutane (DEB) or mitomycin C 

(MMC). It is difficult to set an upper age limit 

for FA screening because it might be diagnosed 

in the fourth and rarely in the fifth decade, of 

life.[80] DKC may be excluded by identifying 

the known gene mutations.
[81]

 

6.7. Tests for the Detection PNH Clone 

Presence of PNH clone must be identified by 

flow cytometry which is a sensitive and 

quantitative test for detecting glycosyl-

phosphatidylinositol (GPI)-anchored proteins, 

such as CD55 and CD59.
[82]

Previously Ham test 

and sucrose lysis test was used but nowadays 

flow cytometry is widely performed.
[83]

 

6.8. Importance of Cytogenetic Clone 

It was previously assumed that the presence of 

an abnormal cytogenetic clone is suggestive of 

MDS and not of AA, but now various studies 

have reported that abnormal cytogenetic clones 

may be present in 4-12% of patients with 

otherwise typical AA at diagnosis.
[79]

The 

presence especially monosomy 7, should alert to 

the likelihood of MDS. Abnormal cytogenetic 

clones may also arise during the course of the 

disease.
[83]

 The most frequently observed 

abnormalities include trisomy 12, trisomy 8, 

trisomy 6, and non-numerical chromosomal 

anomalies i.e. 5q-, 7q-, t (5:12) and 13q-.
[84]

 

Often the cytogenetic abnormalities comprise 

only a small proportion of total metaphases. It 

may be transient and disappear spontaneously 

after IST.
[84] 

It has been reported that a good 

response to IST in patients who acquired a 

trisomy 8 after treatment compared with a worse 

prognosis and high risk of leukaemic 

transformation for patients with monosomy 7.
[85] 

In trisomy 8, the patients respond to 

immunosuppressive therapies and oligoclonal T-

cell expansions are usually present.
[86]

 The 

anuploid cells specifically express WT1 antigen 

at high level on their surface. T-cell oligoclones 

recognize the aneuploidy cells but the target 

cells are not killed due to up-regulation of 

antiapoptosis genes, including c-myc, survivin, 

and CDK1.
[87]

The abnormal trisomy 8 cells,can 

survive for their capacity to skip the cytotoxic 

lymphocyte attack. Research findings have 

recommended that aneuploid clones increase in 

an abnormal cytokine milieu rich in G-CSF. The 

presence of a defective G-CSF receptor isoform 

gives a signal of proliferation, but not 

differentiation.
[88] 

The presence of even small 

monosomy 7 clones in the BM, as detected by 

FISH (but not by routine cytogenetics), is a 

marker of poor prognosis for response to 

IST.
[89]

The literatures have already documented 

that 4-15% patients with AAA showed 

cytogenetic abnormalities during diagnosis.
[90] 

Due to differences in diagnostic criteria, patient 

populations, treatment protocols and the 

frequency of follow-up BM examinations, 

acquisition of an abnormal karyotype in AA is 

frequent, but estimates have been variable 

between published studies.
 [91]

An early study 

from Seattle, an abnormal chromosomal profile 

was observer in 3 of 183 AA patients in the 

course of the disease.
[79]

A study from Europe 

reported, chromosomal abnormality in 23 of 170 

patients but in four patients, chromosomal 

changes were present at the time of diagnosis.
[83] 

In another report of 69 Italian AA patients, an 

abnormal karyotype was found in 18, but the 

findings were transient in eight patients and in 

only seven patients was the karyotypic 

abnormality arisen during the course of the 

disease.
[92]

 In a recent series of 13 patients with 

AA only 2 developed the abnormality later in 

the course of the disease.
[93] 

A study in japan on 

40 children treated with G-CSF and CsA, 

abnormal cytogenetic evolution was found in 11 
patients.

[94] 
Another recent study in USA 

focused on 122 AA patients treated with IST, 

among them 14 have developed karyotypic 

abnormalities with a risk of approximately 21% 

at 10 years.
[83]

 In a preliminary combined 

analysis of 189 AA patients treated with various 

IST regimens on consecutive protocols, the 

actuarial risk of karyotypic conversion was 

estimated 14% at 5 years and 20% at 10 years, 

although it is an unpublished observation.
[85]

A 

study from north India showed five (11.9%) 

paediatric AA patients with chromosomal 

abnormalities like trisomy 12, trisomy 8, 

monosomy 7, deletion 7q and translocation 

(5;12).
[95] 

A recent study was done from West 

Bengal focused on the cytogenetics aspect of 

AA and emphasized on the fact that cytogenetic 

study as a routine examination in otherwise 

typical AA is not essential in this population 

until the BMA and BMB is showing blasts, 

dysplasia, a pre-leukemic changes, fibrosis 

etc...
[96]

 

6.9. Test For Vitamin B12 & Folate 

To reject the possibility of megaloblastic 

anaemia, Vitamin B12 and folate levels 
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should be measured before a final diagnosis 

of AA. 

6.10. Liver Function Tests 

Liver function tests (LFT) must be performed to 

detect antecedent hepatitis.  

6.11. Virological Tests 

In most post-hepatitic AA the serology is most 

often negative for all the known hepatitis viruses 

(Non-A, - B, -C, -D, -E, or -G hepatitis virus). 

The onset of the disease occurs after a period of 

2–3 months of acute hepatitis and is more 

common in young males.
[97] 

Tests should be 

performed for hepatitis A antibody, hepatitis B 

surface antigen, hepatitis C antibody and 

Epstein–Barr virus (EBV). CMV and HIV 

should be evaluated if BMT is planned.  

6.12. Test For Anti-Nuclear Antibody and 

anti-dsDNA Antibody 

Blood should be tested for anti-nuclear antibody 

and anti-DNA antibody in AA patients. 

6.13. Radiological Investigations 

Chest X-ray is useful to exclude infection.  X-

ray of the radii indicates the presence of FA but 

chromosomal breakage test must be performed 

to diagnose FA. The enlarged spleen and/or 

enlarged lymph nodes in Ultrasonography may 

indicate the probability of malignant 

haematological disorder. Abnormal or 

anatomically displaced kidneys are features of 

FA. 

6.14. Stress Cytogenetics/ Chromosome 

Breakage Test 

A chromosome breakage test or Stress 

Cytogenetics with mitomycin-c or 

diepoxybutane is done in AA patients who are < 

50 years old to exclude FA.
[98]

 The most 

consistent and accepted cellular phenotype of 

FA patients, is hypersensitivity to DNA 

crosslinking agents like mitomycin C (MMC) or 

diepoxybutane (DEB) which produce 

Interstrand crosslinks (ICLs).
[99] 

Chromosome 

breakage and radial formation are nothing but 

Interstrand crosslinks (ICLs). It can occur before 

and after DNA replication in the homologous 

region of sister chromatid. If ICLs occur in post-

replication state, two possibilities are there. 

Either homologous repair between sister 

chromatids produce an error free repair or 

mitosis proceeds normally and one of the 

daughter cells inherits an unrepaired ICL. In 

case ICLs occur in the pre replication state, a 

homologous sister chromatid is not available for 

re-combinational repair. There are three possible 

mechanisms for repair of pre-replication 

ICLs
[100]

 i) Non-homologous end joining, ii) 

Excision repair and/or lesion bypass and iii) 

Homologous repair between homologous 

chromosomes. Whereas first two mechanisms 

are error-prone, the third one is error-free. 

Unrepaired ICLs generate a mandatory 

chromatid-break during mitosis.
[100][101] 

 

Figure4. Showing the mechanism of the formation 

radial structure from Interstrand crosslinks between 

the sister chromatid in pre and post replication 

state
[100][101]

 

6.15. Assay of Cytokines 

Another important aspect of this disease is the 

cytokines. Cytokine plays a significant role in 

the process of BM failure. Cytotoxic T-cell-

mediated attack on multi potential 

hematopoietic stem cells (HSC) is the basis for 

AAA. Immune injury to the marrow occurs after 

exposure to etiological agents which react as 

neo-antigens that provoke a secondary T-cell-

mediated attack of HSC. Elevated serum levels 

of IFN-γ are present in approximately 30 

percent of patients with AA and IFN-γ 

expression has been detected in the marrow of 

most AAA patients.
[102] 

Addition of antibodies 

to IFN-γ enhances in vitro colony growth of 

marrow cells in affected patients. These 

observations indicate that AAA is the result of 

cellular immune-induced apoptosis of primitive 

CD34+ multi-potential hematopoietic 
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progenitors, mediated by cytotoxic T 

lymphocytes, in part, through the expression of 

T-helper type1 (Th1) inhibitory cytokines 
[103]

 

like IL-2 
[104]

, IFN-γ
[104]

and TNF-α 
[105]

 Current 

evidence indicates that auto reactive T cells, 

activated by different stimuli, release myelo-

suppressive cytokines including TNF- α and 

IFN- γ which cause HSC death by blocking 

mitosis and increasing apoptosis by Fas ligand-

Fas receptor interaction.
[106]

 That is why these 

cytokines also defined as anti-hematopoietic 

cytokines. A study was done in 2010 in USA on 

the signature profiles of cytokine in AAA and 

MDS. This study emphasized on the signature 

profile of cytokines in AA, which showed high 

levels of thrombopoietin and granulocyte 

colony-stimulating factor, with low levels of 

CD40 ligand, chemokine (C-X-C motif) ligand 

5, chemokine (C-C motif) ligand 5, chemokine 

(C-X-C motif) ligand 11, epidermal growth 

factor, vascular endothelial growth factor and 

chemokine (C-C motif) ligand 11. High levels 

of TNF-α, interleukin-6, chemokine (C-C motif) 

ligand 3, interleukin-1 receptor antagonist, and 

hepatocyte growth factor were a cytokine 

signature for MDS.
[107]

Another research focused 

on the fact that decreased plasma cytokines are 

associated with low platelet counts in AA and 

immune thrombocytopenic purpura.
[108]

 A 

different kind of study focused on the successful 

cytokine treatment of aplastic anaemia 

following living-related orthotopic liver 

transplantation for non-A, non-B, non-C 

hepatitis.
[109]

 Another study with Lymphocytic 

Choriomeningitis Virus showed exhaustion of 

cytokine-secreting CD8
+
 T Cells in persistent 

infection in AA patients.
[110]

 A Japanese study 

found that the levels of IL-6, IL-1β and TNF-α 

in cultured peripheral blood mononuclear cells 

were higher in AA or in refractory anaemia 

(RA) than in RA with excess of blasts (RAEB) 

or in RAEB in transformation (RAEB-T). 

Marked cytokine overproduction was observed 

in RA as well as in AA (Koike et al. 1995). 
[111]

 

Some study have emphasized on the molecular 

aspect of cytokine genes and found that IFN-γ 

+874 A/T gene polymorphism is associated with 

three-fold increased risk of development of 

AA.
[112] 

Few Indian studies are present depicting the 

profile of cytokine expression of IL-8, IFN-γ 

and TNF-α in BM T- cells and their levels in 

bone marrow plasma in patients with 

AA.
[113]

Studies have concluded that increased 

production of both IFN-γ and TNF-α in the BM 

may induce disease pathogenesis in AA and 

ATG therapy which may contribute to 

hematological remission by decreasing the 

elevated levels of IFN-γ and TNF-α in 

BM.Recently a comparative study of bone 

marrow and blood plasma levels of IL-2 in AA 

was done and revealed that it is associated with 

the disease severity.
[114]

 

6.16. Somatic Mutation Analysis in AA 

Previously nonrandom X-chromosome 

inactivation (NRXI) or cytogenetics was used to 

detect the abnormal clone in AA. Now next-

generation DNA sequencing (NGS), together 

with the existing knowledge can give us a 

constructive opinion about the major causative 

mutations in MDS/AML
[85]

 and AA, further 

relating AA to the clonal evolution of 

MDS/AML.There are neumerous NGS-based 

mutation studies on AA, reported varying 

mutation frequencies ranging from 5.3% to 

72%.
[115]

 A comprehensively mutation study 

using targeted-capture deep sequencing was 

performed on 106 genes commonly mutated in 

myeloid cancers.
[116] 

The average allelic burden 

of mutations was considerably higher in MDS 

(75%) than AA (10%). No evidence of lower 

allele frequency was examined after IST as 

compared to the time of diagnosis. Mutation 

analysis for the known genes FANCA,FANCC, 

FANCDI (BRCA2,) FANCD2, FANCE, FANCF, 

FANCG (XRCC9), FANCI (KIAA1794), FANCJ 

(BACH1/BRIP1), FANCL (PHF9/ POG), 

FANCM (Hef), FANCN (PALB2),TERC & 

TERT should be done to exclude FA and 

DKC.
[81]

Telomere lengths can be measured 

although not available as a routine clinical 

service. Mutations are usually present in multi-

lineage compartments, including HSCs, 

common myeloid progenitors and erythroid 

progenitors, in a minor fraction of T cells, 

proposing that the mutations occurred at a stem 

cell level. PIGA mutations, is a somatic 

mutations were detected 19.3% patients.
[117]

 

Mutations are more commonly observed in 

older patients and those suffering from longer 

than 6 months.  

6.17. Differential Diagnosis of Pancytopenia 

Having a pancytopenia does not always make 

the decision of AA. It must be critically judge 

before the starting the treatment regimen. There 

are other condition like pancytopenia with 

hypocellular bone marrow other than AA (MDS, 

AML, ALL etc…), pancytopenia with cellular 

bone marrow (Primary bone marrow diseases, 
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Myelodysplasia syndromes, PNH, 

myelofibrosis, some aleukemic leukemias, 

myelophthisis, bone marrow lymphoma etc…) 

and hypocellular bone marrow ± cytopenia (Q 

fever, Legionnaires disease etc…) 

7. Treatment 

7.1. Supportive Care 

7.1.1. Transfusional Support 

7.1.1.1. Red Cell and Platelet Transfusions 

Red cell and platelet transfusions are essential in 

AA patients to maintain a safe blood count. It is 

advised to give prophylactic platelet 

transfusions when the platelet count is <10 

×10
9
/l (or <20 × 10

9
/l in the fever), rather than 

giving platelets alone in presence of bleeding 

manifestations.
[118]

Red cell transfusions should 

be given to maintain a safe haemoglobin level 

>80 g/l. In multi-transfused patients with AA 

there is an obvious chance of allo-immunisation 

to leucocytes present in red cell and platelet 

transfusions by generating HLA or non- HLA 

(minor histocompatibility) antibodies. This can 

create platelet refractoriness, as well as an 

increased risk of graft rejection after allogeneic 

BMT.
[119]

 Pre-storage leuco-depleted units of 

red cells and platelets can reduce the risk of 

allo-immunisation.
[120]

Patients who become 

refractory to platelet transfusions should be 

screened for HLA antibodies. AA patients can 

become sensitised to random donor platelets 

resulting in platelet refractoriness, in such a 

situation HLA-matched platelets should be used. 

Blood product from the family members are 

restricted because the recipient may become 

sensitised to minor histocompatibility antigens 

from the potential bone marrow donor resulting 

increased chance of  graft rejection. In an 

exceptional circumstance, like urgent platelet 

transfusion, the patient may develope multi-

specific HLA antibodies. 

7.1.1.2. Transfusion of CMV-Negative Blood 

Product 

The patient who is a BMT candidate must be 

transfused with CMV-negative blood products 

until the patient’s CMV status is known. Then 

CMV-negative blood products can be continued 

only if both the patient and donor is CMV 

negative.
[121]

 

7.1.1.3. Granulocyte Transfusions 

Granulocyte transfusions can be used in 

neutropenia. Adverse effects, such as febrile 

reactions, HLA allo-immunization and 

transfusion-related acute lung injury (TRALI) 

are reported complications after granulocyte 

transfusions. The use of irradiated granulocyte 

transfusions should be restricted in the patients, 

if it becomes hazardous. 

7.1.1.4. Haemopoietic Growth Factors 

Till now no effective and safe haemopoietic 

growth factor has been reported which can 

support red cell and platelet counts in AA 

patients.
[122]

 Use of rHuEpo in AA is 

ineffective.
[123]

Interleukin-6 (IL-6) has been 

evaluated as a factor evolving severe anaemia 

and haemorrhage.
[124]

Stem cell factor was 

shown to stimulate tri-lineage haemopoiesis in 

some patients with AA.
[125]

Use of stem cell 

factor with ATG and cyclosporin is debatable 

because of serious toxicity from anaphylaxis 

reactions. The developments of anti-TPO 

antibodies and prolonged thrombocytopenia 

have been reported against the truncated version 

of rHu-TPO, supports discontinuation of its use 

in clinical trials.
[126]

Second generation 

thrombopoiesis stimulating agents have not 

undergone clinical trials in AA. No controlled 

studies have been reported that G-CSF or other 

haemopoietic growth factors are helpful in the 

treatment of severe infection in patients with 

AA. A short course of subcutaneous G-CSF at a 

dose of 5 lg/ kg  per day may be considered for 

severe systemic infections when response to 

intravenous antibiotics and antifungals drugs are 

absent. GM-CSF is not generally recommended 

as it can induce severe haemorrhage and other 

serious toxicity. 

7.1.2. Treatment and Prevention of Infection 

The risk of infection is determined by the 

neutrophil and monocyte counts.
[127]

 Patients 

with aplastic anaemia are at risk of bacterial and 

fungal infections.
[128]

 Initially a synergistic 

combination of antibiotics, such as an 

aminoglycoside and a,b-lactam penicillin, is the 

exact choice depending on local hospital 

microbiological sensitivity/resistance patterns. 

The duration of neutropenia, infection history 

and current antibiotics help in the choice of 

antibiotic, including the early introduction of 

amphotericin. Pulmonary infiltrates and sinus 

infection are the indicators of likely fungal 

infection in patients with SAA. Aspergillus 

infection is very common in patients with SAA 

because of the frequent prolonged periods of 

severe neutropenia and monocytopenia. 
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Severely neutropenic (<0.5 ×10
9
/l) patients 

should preferably be nursed in isolation when in 

hospital and should receive prophylactic 

antibiotics and antifungals. A regular antiseptic 

mouthwash, such as chlorhexidine must be used 

with a low bacterial content diet.
[128] 

Prophylactic antibiotics neomycin, colistin, 

quinolone antibiotic, such as ciprofloxacin are 

given to help prevent Gram-negative sepsis. 

Prophylactically ciprofloxacin cannot be used in 

febrile neutropenic episodes. In persistent fever 

systemic antifungal therapy is introduced earlier 

into the febrile neutropenia regimen. However, 

nowadaysappearance of quinoloneresistant 

bacteria, increase in Gram-positive infections 

arecontributing to the infections. Itraconazole 

and posaconazole are the choice of drugs to treat 

Aspergillus infection, whereas Fluconazole does 

not provide the coverage.  

7.1.3.  Iron Chelation Therapy 

Iron overload can cause major problems in 

heavily transfused patients. Subcutaneous 

desferrioxamine should be started when the 

serum ferritin is >1000 lg/l, although there is 

very little evidence.
[129] 

Instead of subcutaneous 

intravenous desferrioxamine may be considered 

if subcutaneous desferrioxamine is not tolerated. 

The routine use of oral iron chelator deferiprone 

is not recommended in patients with AA AS it 

may cater Agranulocytosis.
[129]

 

7.1.4. Vaccinations 

Some sketchy rumour of vaccination producing 

BM failure or triggering relapse of AA has been 

reported. All live vaccines should be avoided 

after BMT and ATG treatment. Vaccinations 

should only be given in absolutely necessity.
[130]

 

7.2. Specific Treatment  

The standard specific treatment for is used in 

AA patients, either allogeneic stem cell 

transplantation from an HLA-identical sibling 

donor or immunosuppressive therapy with a 

combination of ATG and cyclosporine. 

Bleeding and infection should be controlled 

before specific treatment is given to the patient. 

Immunosuppressive therapy must not be given 

in the presence of infection or uncontrolled 

bleeding. The outcome of stem cell 

transplantation can also be hampered by 

infection. 

7.2.1. Source and Dose Of Stem Cells for 

Transplantation 

It is suggested that BM stem cells should be 

collected from BM but not G-CSF mobilized 

peripheral blood stem cells (PBSC).
[131]

. It is 

easier to obtained BM than PBSC and also BM 

is devoid of the exposure of G-CSF.
[132]

 The 

standard dose is 3 ×10
8
 nucleated marrow 

cells/kg because at lower doses the risk of graft 

rejection increases significantly.
[133]

 A 

retrospective study from the EBMT of patients 

undergoing HLA-identical sibling or HLA-

identical unrelated donor BMT for aplastic 

anaemia showed significantly better response in 

the patients with donors from the same sex. In a 

small number of AA patients with umbilical 

cord blood as an alternative source of stem cells 

for transplantation, although it is associated with 

a lower risk of acute and chronic GVHD.
[134]

 

Umbilical cord blood transplantation can also be 

considered in pediatric patients who do not have 

an HLA-identical sibling donor or a fully 

matched unrelated adult donor.  

7.2.1.1. HLA Identical Sibling Donor Bone 

Marrow Transplantation 

The initial treatment of choice for newly 

diagnosed AA patients is allogeneic BMT from 

an HLA-identical sibling donor. 

i. The patient has SAA or VSAA 

ii. Patient’s age  is < 40 years and has an 

HLA compatible sibling donor 

iii. For children who have NSAA and in 

whom treatment is indicated 

iv. BMT may be considered for patients>40 

years who have unsuccessful 

immunosuppressive therapy and in good 

medical condition, with HLA compatible 

donor. 

v. There are currently insufficient data 

available on the use with HSCT in SAA 

patients >60 years of age.
[135]

 

The use of high-resolution, HLA typing of a 

matched, unrelated donor markedly improves 

the prognosis for transplantation.
[136]

 High-

resolution DNA matching at HLA-A, -B, -C, 

and -DRB1 (8 of 8 allele) is considered the 

lowest level of matching consistent with the 

highest level of survival. If there is an HLA 

mismatch at one or more loci, especially HLA-

A or -DRB1, the outcome is compromised,
[136]

 

and immunosuppression with combined therapy 

may be preferred initially, depending on patient 

age, cytomegalovirus status and disease 

severity.  

There is an argument about the upper age limit 

for BMT. Outcomes of BMT using an HLA 

identical sibling donor are poorer in patients >30 



Study of Aplastic Anaemia, Etiological Role of Environmental and Genetic Factors in Eastern India-A 

Review 

 

ARC Journal of Hematology                                                                                                                     Page | 35  
 

years than patients <30 years of age.
[137]

 BM 

Transplantation from an HLA identical sibling 

donor has a chance of long term cure in 75–90% 

patients.
[139]

By adequate dose of 

cyclophosphamide with ATG conditioning, graft 

failure is approximately 4–14%. Acute GVHD 

is 12–30 % whereas chronic GVHD occurs in 

30–40% of patients. Treatment with 

immunosuppressive therapy prior to BM 

transplantation is associated with a poor 

outcome and increased graft rejection.
[138]

 

7.2.1.2. Conditioning and GVHD Prophylaxis 

Regimen 

The conditioning regimen and GVHD 

prophylaxis are different in AAA and IAA
[139]

 

i.Conditioning regimen for patients aged <30 

years  

High dose cyclophosphamide 50 mg/kg×4 

(day -5 to -2) and ATG (Thymoglobuline, 

Genzyme 1.5 vials/10 kg × 3 on days -5 to -

3), with methylprednisolone (not in 

pediatric patient) 2 mg/kg × 3 (day -5 to -3) 

is the standard regimen. The recommended 

post-transplant immunosuppression is (a) 

cyclosporin 5 mg/kg per day, in two divided 

doses (that is, 2.5 mg/kg BD), starting on 

day+1, and continuing for 12 months with 

tapering beginning at 9 months to help 

prevent late graft failure, (b) short course 

methotrexate 15 mg/m
2
 on day +1, then 10 

mg/m
2
 on days +3, +6, and +11.

[140]
 

ii.Conditioning regimens for patients aged 

>30 years 

The patients (age 30 - 50 years), who are 

potential transplant candidates; the best 

conditioning regimen is unknown. Patients 

who are >40 years of age and who are 

medically suitable for BMT, may receive a 

reduced intensity conditioning regimen, 

using cyclophosphamide 1200 mg/m
2
, 

fludarabine 120 mg/m
2
 and either ATG or 

Alemtuzumab.
[141]

 

7.2.1.3. Matched Unrelated Donor Bone 

Marrow Transplantation (MUD BMT) 

Matched unrelated donor BMT (MUD BMT) is 

a new approach in the treatment of SAA. MUD 

BMT may be considered when patients fulfill all 

the following criterias. 

i. Patients must have a fully matched (at 

DNA level for both class I and II 

antigens) donor  

ii. Patients’ age must be <50 years 

(although if the patient is in good 

performance status, 50–60 years may be 

considered)  

iii. Patients have at least one course of 

unsuccessful ATG and cyclosporin (for 

both adults and children)  

iv. In adults a second course of ATG may be 

favored before proceed to MUD BMT. 

This is depending on individual patient 

circumstances for an example patient is 

having SAA or VSAA with no evidence 

of infection and/or acute bleeding at time 

of BMT 

v. It is used as first line treatment in IAA 

patients who does not have an HLA 

matched sibling donor 

7.2.1.4. Post-Transplantation Management 

There is a significant risk of late GVHD in AA 

patients after allogeneic BMT. In most of the 

patients, it is associated with discontinuing 

cyclosporin too early or low dose of cyclosporin 

blood levels. Progressive mixed chimaerism 

indicates towards a high risk of whereas stable 

mixed chimaerism is associated with excellent 

survival and a low risk of the same.
[142]

 

Chimaerism must be monitored principally 

during the time of cyclosporin withdrawal. If 

there is evidence of significant mixed 

chimaerism (>10% of recipient cells) or an 

increasing proportion of recipient cells (>15% 

increase over 3 months), indicate towards a high 

risk of late rejection and cyclosporin should not 

be reduced or withdrawn at that time.
[142]

 

Chimaerism can be assessed from the short 

tandem repeats in the mononuclear cells with 

the sensitive techniques such as polymerase 

chain reaction (PCR) analysis.
[143]

 

7.2.2. Immunosuppressive Therapy: 

Antithymocyte Globulin (ATG) and 

Cyclosporin 

Antilymphocyte Serum and Antithymocyte 

Globulin ATG and ALG act principally by 

reducing cytotoxic T cells. This involves ATG-

induced apoptosis through both FAS and TNF 

pathways.
[144] 

Cathepsin B also plays a role in T-

cell cytotoxicity at clinical concentrations of 

ATG but may involve an independent apoptosis 

pathway
.[145]

 ATG and ALG also release 

hematopoietic growth factors from T cells.
[146]

 

Horse and rabbit ATG are licensed in the United 
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States. Skin tests against horse serum should be 

performed prior to administration.
[147]

 

Antithymocyte globulin (ATG) is an 

immunosuppressive drug and it is used in 

severely neutropenic patients. The standard 

preparation of ATG was horse ATG 

(Lymphoglobuline; Genzyme). The rabbit 

preparation (Thymoglobuline; Genzyme) 

(Lymphoglobuline) was withdrawn due to 

complications in manufacturing. Rabbit ATG 

(Thymoglobuline) is therefore the first choice of 

treatment. Response rates to rabbit ATG are 

expected to be comparable to horse ATG, 

because both preparations have the same 

immunogen (thymocytes), similar production 

method and share similar epitopes for binding. 

The eligibility criteria are as follows;  

i. NSAA patients who are dependent on 

red cell and/or platelet transfusions 

ii. NSAA patients who, although are not 

transfusion-dependent but may have 

significant neutropenia and be at risk of 

infection  

iii. SAA or VSAA patients who are >40 

years of age and younger SAA or VSAA 

patients who lack an HLA-compatible 

sibling donor 

7.2.2.1. Expected Results After ATG Treatment 

IST using the combination of ATG and 

cyclosporin is associated with response rates of 

between 60% - 80% with current 5 year survival 

rates of approximately 75–85%.
[137]

 For SAA, 

the survival and response rate to ATG alone is 

significantly less than with the combination of 

ATG and cyclosporin.
[137]

In NSAA patients the 

response to the combination of ATG and 

cyclosporin is significantly greater than with 

cyclosporin alone.
[148]

 

7.2.2.2. Expected Results after ATG Treatment 

in Older Patients 

The response and survival rates are low in older 

compared with younger patients.  The response 

rate for patients aged >60, 50–59 and <50 years 

is 37%, 49% and 57%, and 5-year survival is 

50%, 57% and 72%, respectively.
[149]

 For 

patients aged >70 years, the 10-year survival 

rate is 33% and patients aged 50 -70 years, the 

10-year survival rate is 60%. Patients older than 

60 years also have a higher risk of serious 

cardiac events after ATG.
[150]

 

7.2.3. Management of Aplastic Anaemia in 

The Presence of an Abnormal 

Cytogenetic Clone 

Often insignificant abnormal cytogenetic clone 

(ACC) may be observed in the AA patients. It 

comprises only a minor proportion of entire 

metaphases. It may be transient and disappear 

spontaneously or after haematological response 

to successful IST.
[83]

 Patients with ACC should 

be treated with IST (ATG and cyclosporin) and 

must not receive chemotherapy as it may result 

predictable deteriorating of pancytopenia with 

the probability of irreversible marrow failure.  If 

the patient accomplishes the criteria for sibling 

BMT, then they should be transplanted. It has 

been reported that, the response rates to IST 

appear to be similar to AA patients with or 

without an ACC.
[92]

 AA patients (who are not 

BMT candidates) with or without ACC should 

be managed in the same way (except monosomy 

7). A myeloablative regimen may be preferable 

in patients who are having monosomy 7. A good 

response to IST has been observed in patients 

who acquired a trisomy 8
[85]

after treatment 

compared with a worse prognosis and high risk 

of leukaemic transformation for patients with 

monosomy 7. For other chromosome 

abnormalities (expect monosomy 7), there is no 

such documentation which supports 

myeloablative regimen approach, as the disease 

appears to follow a course similar to that of AA 

without ACC.
[85] 

7.2.4. Management of Aplastic Anaemia Patients 

with a Significant PNH Clone, Resulting 

Haemolysis 

Patients with AA may later develop haemolytic 

PNH and conversely patients with haemolytic 

PNH can later progress to AA.
[83]

 Regular folic 

acid supplementation 5 mg/day must be 

obtained. Oral iron supplementation should be 

given to the patients of intravascular 

haemolysis, but cautiously, as it can trigger 

acute haemolysis. Prednisolone helps to reduce 

the degree of haemolysis but an alternate day 

regimen at low dose of between 10 and 15 mg is 

used as there are many side effects. An oral 

cyclosporin which is a complement C5 blocking 

monoclonal antibody, has been found to be 

effective at reducing haemolytic PNH.
[151]

 It is 

still reasonable to consider ATG treatment for 

patients with a significant PNH clone (>50%). 

HLA-identical sibling BMT for haemolytic 

PNH is only prescribed in those patients who 

later develop SAA or patients with multiple 
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venous thromboses.
[152]

The effectiveness of 

Eculizumab reduces venous thromboses but also 

remove the indication for BMT.
[153]

 The 

decision of using anticoagulation in AA patients 

with a significant PNH clone (>50% in 

granulocytes)
[154]

 is still controversial. 

7.2.5. Management of Aplastic Anaemia in 

Pregnancy 

There is a 33% of relapse of AA in pregnancy. 

Again there is a significant risk of relapse of the 

disease in pregnancy who has earlier responded 

to immunosuppressive.
[155]

Literatures said that 

after successful allogeneic BMT, pregnancy 

does not cater relapse of the disease.
[156]

 In the 

pregnancy period Hb levels and platelet counts 

decreased while neutrophil counts increased. 

However, it is important to discuss with the 

patient and family the potentially serious risks to 

both the mother and baby. Supportive care is the 

treatment option for AA patients in pregnancy 

and the platelet count should be maintained 

above 20×109/l.
[157]

Red cell and platelet 

transfusions during normal pregnancy increase 

risk of alloimmunisation.  ATG is too hazardous 

to treat AA during pregnancy.
[46]

 

8. CONCLUSION AND FUTURE PROSPECTS 

Allogeneic stem-cell transplantation or 

immunosuppression, whatever is the procedure, 

treatment of AA has developed intensely over 

the last two and half decades. That enhances the 

chance of long-term survival of the patients and 

now in more than 75% patients, the rate of 

survival can be predicted more accurately with 

either therapy.  For transplantation, extension of 

stem-cell replacement is the primary challenge 

for all the patients, regardless of their age, 

availability of a histocompatible sibling, and to 

others who don’t have any family alternative of 

stem-cell sources. The possibility to attain 

engraftment under these circumstances may 

involve extensive conditioning regimens in 

which worries, particularly of any further 

malignancies, can be averted for a considerable 

period of time. Moreover, donor selection 

basing upon high-resolution histocompatibility 

typing can result more optimistic and favorable 

results. The successful attainment of umbilical 

cord-blood transplantations, with a lower 

possibility of GVHD, may be improved by 

greater pools and histocompatibility matching. 

For immunosuppression, a significant number of 

new medications and treatmentsis in the queue 

for being tested in AA patients. But, the 

escalation of expenditures has to be sensibly 

balanced by the authority. Recurrent use of 

horse ATG followed by rabbit ATG, 

alemtuzumab or cyclophosphamide as 

immunosuppressive therapy; provide the 

opportunity of blood-count restoration in more 

than 90% of AA patients. If remaining stem-cell 

numbers are restraining, ex vivo expansion of 

haematopoiesis using Hox box proteins can be 

tried. Quantitative and qualitative assays of 

oligoclonal T-cell and hematopoietic stem-cell 

function can improve the judgments of the 

treatment procedure. Studies on the 

microenvironment of the marrow can be helpful 

for the upflifment of the existing knowledge. 

Especially the molecular study of 

antihematopoitic cytokines must be focused. 

Nowadays study on the genetic, environmental, 

lifestyle risk factors is important to clarify how 

these agents can initiate and propagate the 

marrow destruction in AA. Further researches 

are needed both for academic and professional 

purpose in individual and collective level. 
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