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1. Background
1.1 General 

Aplastic anemia (AA) is a descriptive diagnosis defined as pancytopenia in combination 
with morphologic and histologic features of hypocellular bone marrow (1). The bone 
marrow is often characterized by fat tissue replacing healthy marrow cells and 
lymphocytic infiltration. AA terminology can be confusing as most patients present with 
multiple line cytopenia and not only anemia. only represent the 
inability of the bone marrow to form blood cells independent of the underlying 
pathophysiologic mechanisms. Thereby, AA is a collection of different diseases (Figure 
1) with different etiology in children as compared to adult patients. Failing bone 
marrow in children has been linked to viral infections, inherited genetic mutations, 
immunologic origin, acquired early events in leukemia and myelodysplasia and 
secondary to toxic damage of cancer treatments. The various groups are discussed 
below. 
 

1.2 Inherited bone marrow failure syndromes 
Inherited bone marrow failure syndromes (IBMFS) are hematological disorders 
characterized not only by ineffective hematopoiesis, but also by a predisposition to 
cancer and often by congenital malformations (2). IBMFS may present with single cell 
cytopenia, e.g. Diamond Blackfan anemia or severe congenital neutropenia (SCN) or 
evolve towards or present with pancytopenia. The underlying cause of the bone 
marrow failure is dependent of the constitutional mutation, such as an impaired DNA 
repair system in Fanconi anemia (3) and defects in maintaining adequate telomere 
length in Dyskeratosis Congenita (4). In addition to the classical IBMFS, indirect damage 
to the stem cells caused by an impaired immune system or the stem cell niche, due to 
constitutional gene defects such as CTLA4 (5) or DATA2 (6) mutations, can also cause 
AA. The proportion of congenital syndromes accountable for AA has been reported 
quite variable ranging from 5% up to 50% (1). Firstly, this can be explained by bias of 
the investigated population. In children with AA and classical characteristic physical 
anomalies, the incidence of underlying IBMFS or immune deficiencies is clearly higher 
as compared to patients without physical anomalies (7). In adults with AA, an 
underlying congenital defect is rarely found to cause the bone marrow failure. 
Secondly, the chance to find an underlying genetic defect depends on the diagnostic 
approach. With increasing application of full genomic sequencing methods, more 
genetic defects will be found related to bone marrow failure. Conversely, this implies  
that underlying congenital mutations causing the bone marrow failure are currently 
undetected in a part of the patients diagnosed as AA (7, 8). This suggests that also in 
adult patients underlying causes are currently underdiagnosed and should be 
considered, especially in familial cases, or if malignancies are diagnosed at an unusual 
young age and/or if treatment with chemo- and/or radiotherapy has unusual severe 
toxicities such as mucositis.  
 

1.3 Hypocellular bone marrow and malignant predisposition 
Cytopenia in pediatric patients can be a result of IBMFS associated with hematological 
and non-hematological malignant propensity (9, 10), such as in Fanconi anemia. Other 
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germline mutations, such as mutations in GATA2, ETV6 and SRP72 genes are associated 
with an increased risk of progression to leukemia and are referred to as predisposition 
syndromes (11, 12). In addition, in childhood myelodysplastic syndrome (MDS) specific 
somatic chromosomal alterations and mutations such as in RAS, RUNX1, SETBP1 and 
ASXL1 oncogenes are related to an increased frequency of malignant progression (13, 
14).  
 

1.4 Immune aplastic anemia 
The group of AA patients without an identifiable cause is often (confusingly) referred to 
as acquired AA (which should be idiopathic AA). This type of AA is hypothesized to be 
driven by an immunologic etiology. The strongest evidence for an immune mechanism 
in these patients is the result of immunosuppressive therapy (IST) restoring blood 
counts in a part of AA patients (15, 16). In addition, the role of immune dysregulation is 
supported by the identification of oligoclonal expanded T-cell populations in 
experimental settings (17). Extensive experimental investigations have provided data 
supportive for an immune-mediated pathophysiology. Several related mechanisms have 
been suggested, including CD8+CD57+ oligoclonal T-cells with direct cytotoxic activity 
(18), secretion of different inflammatory cytokines such as interferon- - (19), 
immune disarrangement by increased T-helper type 17 cells (20) or reduced regulatory 
T cells (Tregs) (21) and associative correlations with certain HLA types (22).  However, 
who will or will not respond to IST is as yet unknown as determinants to predict therapy 
response need to be developed (16, 22). 
 

1.5 Myelodysplastic syndrome with refractory cytopenia of the childhood 
Myelodysplastic syndrome (MDS) often presents with cytopenia affecting different 
hematopoietic lineages and accounts for less than 5% of childhood hematological 
malignancies (12). The most prevalent MDS subtype in pediatric patients is 
Myelodysplastic syndrome with refractory cytopenia of childhood (MDS-RCC), which is 
challenging to differentiate from AA (23, 24). Somatic cytogenetic abnormalities are 
present in approximately 30% of MDS-RCC cases, most frequently monosomy 7 (11). 
Identification of blood and marrow morphological features of MDS-RCC is important for 
the differential diagnosis with cytopenia in IBMFS or SAA and required for the 
application of distinctive therapeutic decisions (25, 26). However, morphological 
distinction between the two entities can be challenging and combined investigation of 
bone marrow aspirate and trephine biopsy together with cytogenetic analysis and 
molecular mutational analysis is essential for a comprehensive assessment (27, 28).  

 
1.6 Paroxysmal nocturnal hematuria 

Paroxysmal nocturnal hematuria (PNH) is clinically associated with intravascular 
hemolysis, nocturnal hemoglobinuria, thrombosis and marrow failure. Although 
frequently found in adult AA patients (29), PNH is rarely associated with bone marrow 
failure in pediatric AA. PNH is caused by a mutation in the phosphatidylinositol glycan 
anchor biosynthesis, class A (PIG-A) gene in the hematopoietic stem cell, rendering cells 
susceptible to complement-mediated hemolysis. Pediatric patients with AA often have 
small PNH-clones, but do not display the characteristic clinical phenotype of PNH. Clone 
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size is an important predictor of clinical symptoms, especially considering the risk for 
thrombosis. Patients with small PNH-clones should be followed-up at regular intervals 
for potential progression/evolution of these clones, and/or development of the clinical 
phenotype of PNH. Differentiation from PNH requires peripheral blood flowcytometry 
for glycophosphoinositol-linked cell surface membrane proteins (CD55/CD59). 
Treatment of PNH was revolutionized with the advent of complement binding 
antibodies such as eculizumab. Due to the rareness of PNH, the treatment of children is 
centralized at UMC Utrecht and Radboud UMC. 

 
1.7 Hepatitis associated aplastic anemia 

Hepatitis associated aplastic anemia (HAAA) is a potentially lethal complication of acute 
hepatitis where pancytopenia develops concordantly or within a few weeks to months 
after the acute hepatitis episode. As with SAA, the pathogenic mechanism is unclear but 

(HSCs) leading to bone marrow failure and pancytopenia (30). The hypothetical immune 
attack might be a presentation of auto-immunity since in most reported cases no 
identifiable viral or otherwise infectious cause for the hepatitis was found. However 
also characteristic laboratory findings of auto-immune disease lack in most patients. So 
the etiology of HAAA regarding the hepatitis as well as the following aplastic anemia 
remains unelucidated. Pediatric patients with HAAA who recover from hepatitis 
spontaneously or after treatment with (transitory) IST show excellent outcomes when 
treated by HSCT for their AA (31). The management of the aplastic anemia in these 
patients, regarding the supportive care, conditioning regimens, donor selection and 
follow-up does not differ from other SAA patients. However, prior to the development 
of the bone marrow failure, hepatitis may progress to fulminant hepatic failure 

SAA after liver transplantation is more challenging and is associated with high mortality 
(32, 33). The complexity of HAAA hampers general recommendations within this 
guideline, therefore, a dedicated multidisciplinary team of hepatologists and 
hematologists within the HSCT center is needed to tailor diagnostic and treatment 
strategies. Current registry investigations of the European Society for Blood and 
Marrow Transplantation (EBMT) should be helpful to improve management of this 
challenging patient group. 
 

1.8 Aplastic anemia severity 
According to WHO definitions AA is subclassified into moderate, severe and very severe 
(34). All three groups are characterized by hypocellular bone marrow with <25% 
cellularity as the severity is mainly related to the gravity of the peripheral cytopenia 
(Figure 1). -and-  we advise a more practical 
approach for daily clinical practice by separating transfusion independent patients with 
low risk of infectious disease (neutrophils >0.5x109 cells/L) from the remaining patients. 
Also risk of evolution to hematologic (pre)malignant disease necessitates treatment.  
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2. Diagnosis
2.1 Diagnostic flow chart 
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2.2 Blood examination
2.2.1 First line recommended blood tests 

Directly at the first presentation of a pediatric patient with multiple line 
cytopenia, the possibility of leukemia or other malignant disease should be 
investigated. Furthermore, causes related to secondary bone marrow failure 
due to (viral) infection or malnutrition need to be explored as these conditions 
require alternative (sometimes expectative) management. Therefore, we 
recommend to perform the following tests at presentation at minimum:   
- full blood cell count including reticulocytes count, indices and microscopic 
evaluation for the presence of blasts, blood group type and screen, 
- ferritin, zinc protoporphyrin if available (ZPP), folic acid, vitamin B12, liver and 
kidney functions, hemolysis and tumorlysis parameters (including DAT = 
Coombs) and electrolytes, 
- serology and/or PCR tests for ParvoB19, EBV, CMV, hepatitis A, B, C, 
Leishmania (and HIV if suspected), 
- thrombopoietin (TPO), fetal Hb, immunoglobulins, and if available 
lymphocytes immune-phenotypic subsets, ANA screening and PNH clones. 
Furthermore, when the medical state suggests for malignant disease, chest X-
ray and immunophenotyping on peripheral blood should be performed and 
consultation of a pediatric oncologist is mandatory. 

judgement certain diagnosis is suspected. 
 

2.2.2 Exclusion of reversible causes 
When above mentioned blood tests indicate a possible reversible cause, in 

management should be revised frequently if the patient is transfusion 
dependent or neutrophil counts drop below 0.2x10^9/ml. We recommend to 
repeat serology tests after two weeks to evaluate seroconversion or to perform 
DNA viral load tests to confirm or exclude viral induced cytopenia. In general, 
bone marrow analysis should not be delayed beyond 2-3 weeks.   

 

2.3 Bone marrow aspiration and biopsy 
2.3.1 Recommendations regarding the timing and practical procedures 

When within two weeks after presentation, the above mentioned first line 
diagnostics failed to identify the cause of cytopenia, bone marrow aspiration 
and biopsy should not be delayed. For the aspiration of the marrow as well as 
the biopsy of the crista usually no preventive platelet transfusion is needed. 
Most often puncture site bleeding is mild and local pressure is sufficient to stop 
the bleeding. However, if the biopsy puncture site remains oozing, platelet 
transfusion may be administered. In general, there is no need to sample both 
iliac cristae, provided that the samples are of good quality. Therefore it is 
important to prevent clotting of the bone marrow aspirate and to obtain 
marrow biopsies of 2-4cm length containing all layers of bone and marrow. 
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When the first bone marrow examination is indicative of AA, a second sample 
with an interval of 2-4 weeks should be analyzed to exclude malignant disease. 
 

2.3.2 Recommendations regarding analysis and evaluation 
Bone marrow aspirates and biopsies should undergo morphologic and 
histologic evaluation to examine the level of cellularity, whether all lineages of 
hematopoiesis are present and are of normal proportion and for the presence 
of dysplastic cells or blasts. This evaluation should include differentiation 
between MDS-RCC and SAA according to the guidelines of the European 
Working Group on pediatric MDS (EWOG-MDS), its criteria and reference 
pathologists network. Differentiation between MDS-RCC and SAA is based upon 
analysis of several histopathological criteria in the bone marrow: 1) percentage 
of cellularity; 2) maturation of cells; 3) number of blasts (if present) and 4) signs 
of dysplasia. MDS-RCC should be considered when cytological and histological 
examination of the bone marrow biopsy, shows a patchy distribution of 
erythropoiesis, with defective maturation, left shifted granulopoiesis and 
reduced megakaryoctyes with dysplastic changes (micromegakaryocytes) (25, 
26). In addition, other phenotypical and genomic characteristics to differentiate 
SAA from MDS should be considered as well (11, 28). Cytogenetic analysis of 
the bone marrow aspirate should at least include karyotyping and evaluation of 
the myelodysplastic syndrome associated chromosomal aberrations including 
monosomy 5 or 7 and trisomy 8. However, to detect other chromosomal 
abnormalities beyond these, SNP array is preferred assay for  the detection of 
novel or smaller chromosomal aberrations. In addition, mutation analysis of 
bone marrow tissue can be considered to investigate the presence of somatic 
mutations. Exact determination of cellularity and cytogenetic abnormalities is 
of importance for the choice of the conditioning regimen in allogeneic 
transplantation: a hypocellular disease without cytogenetic abnormalities can 
be treated with less intensive chemotherapy.  
 
 

2.4 Whole exome sequencing 
2.4.1 IBMFS 

With increasing numbers of defined constitutional mutations causing bone 
marrow failure and decreasing costs of genomic screening, we recommend to 
apply a whole exome sequencing (WES) based approach for the detection of 
known bone marrow failure related mutations. To limit the number of difficult 
interpretable variances of unknown significance (VUS), primarily only known 
genes will be analyzed by applying a defined gene filter to the WES data 
(supplementary 1). The approach allows for reanalysis of the data when in 
future novel genes are identified.  
Importantly, although the WES data is primarily analyzed by a defined gene 
filter, by the application of Moon-software the analysis will search for newly 
reported gene mutations related to cytopenia continuously. In addition, copy 
number variance (CNV) analysis of the WES data will also allow for the 
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detection of deletions or duplications. At least twice a year the gene filter will 
be evaluated and novel mutations will be added. When in a patient with high 
suspicion of IBMFS based on clinical findings (other than cytopenia) no genetic 
alterations are found by this approach and concordant functional analyses are 

in comparison with parental or sibling  
 

2.4.2 Malignant predisposition 
Importantly, as WES based mutation analysis is applied for all patients,  
cytopenia caused by germline malignant predisposition syndromes such as 
Fanconi anemia or predisposing germline syndromes such as those caused by 
mutations in GATA2, ETV6 and SRP72, including novel mutations such as 
SMAD9 will be detected as well (23).  
 

2.4.3 Cytopenia related to immune deficiency or immune dysregulation 
In depth immune analysis of pediatric AA patients on functional and molecular 
level remains important. Therefore, the filter applied to the WES data contains  
known genes that are described to be involved in overlap syndromes 
presenting by both immune deficiency or dysregulation and cytopenia such as 
CTLA-4 haploinsufficiency. Moreover, the applied filter can be expanded by 
adding  genes related to pediatric immune deficiencies ( PID , Figure 1). 
 

2.5 Functional analyses 
Genomic analysis should be complemented by functional testing for Fanconi anemia 
(chromosomes breakage after mitomycin C exposure) and telomere length 
measurement. The importance of performing both genomic and functional analyses is 
underlined by the fact that some base substitutions are infrequent polymorphisms in 
certain ethnic populations and their significance is uncertain. Especially in 
telomeropathies it is well known that not all affected patients have known genetic 
defects. Conversely, functional analysis can be falsely normal such as with mosaicism 
due to a reversion mutation in Fanconi anemia gene resulting into a normal 
chromosome breakage study in peripheral blood, underscoring the necessity of 
concordant genetic and functional testing. 
 

2.6 HLA typing 
HSCT is the preferred therapy for pediatric AA when a suitable donor is available. 
Therefore, we underline the importance of early HLA typing of patients and siblings. 
When siblings lack or are not HLA identical, the donor bank should be searched for 
10/10 MUD options. When also 10/10 matched donors are not available, the decision 
for IST versus mismatched donor HSCT should be reserved for discussion between 
referral hematologist and the consultants of the HSCT center since no randomized 
controlled trials exist to compare results of IST with mismatched donor transplant.  
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2.7 Organization in the Netherlands
2.7.1 National bone marrow failure (BMF) committee 

Within the Dutch group of pediatric hematologists a national committee for 
pediatric patients with bone marrow failure has been appointed. The aims and 
tasks of this group include the development and implementation of national 
protocols regarding pediatric patients with BMF. The group will be in close 
contact and collaboration with the Dutch pediatric oncologists regarding the 
overlap field of BMF and hematological malignancies. For all pediatric patients 
with cytopenia without an obvious etiology (for example iron deficiency) a 
pediatric hematologist in one of the University Medical Centers (UMCs) will be 
consulted. The pediatric hematologist will follow the presented flow chart and 
complete the necessary diagnostics. When AA is evident or suspected, the 
consultant pediatric hematologist will introduce the patient to the BMF 
committee and an HSCT center. Twice a year (and more often on demand) the 
BMF committee and representatives from the Princess Maxima Center will 
conduct a central review of all referred patients open to all interested involved 
physicians.  
 

2.7.2 Marrow failure team at the Leiden University Medical Center  
At the Leiden University Medical Center (LUMC) a panel of specialists is 
appointed to realize rapid diagnosis and treatment of (pediatric) AA patients. 
This panel consists of a dedicated pediatric hematologist with expertise in bone 
marrow transplantation, bone marrow morphologist, hemato pathologist, 
clinical and molecular geneticists and an immunologist. Their primary aim is to 
review all diagnostic tests and to provide the referring physicians with a (most 
likely) diagnosis, best curative treatment option and individualized guidance 
regarding supportive care. Moreover, a complete diagnostic package, including 
bone marrow aspirate and biopsy analysis, SNP array and WES mutational 
analysis, will be offered to referring hematologists if not performed yet. This 
panel can be consulted by sending an application form together with the 
required information to a designated email address to speed up the process. 
The members of the panel will gather in an on demand fashion with strict 
requirements ensuring that each case will be analyzed within two weeks after 
admission.  
 
Patients can be referred for evaluation by this expert panel by sending the 
application form (attached) and required additional information to 
beenmergfalenNL@lumc.nl which directly will be forwarded to the email-
addresses of the following core team members: 
Frans Smiers (pediatric hematologist) 
Alex Mohseny (pediatric hematologist) 
Arjan Lankester (pediatric immunologist) 
Gijs van Santen (clinical geneticist) 
Claudia van Ruivenkamp (geneticist) 
Arjen Cleven (pathologist specialized in marrow failure) 
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Peter van Balen (hemathologist and chair of the hemato-morphology lab)
 

2.7.3 Marrow failure team at Princess Maxima Center (collaborating with 
WKZ/UMC Utrecht).  
At the Princess Maxima centre a similar team of clinicians is involved in the 
diagnosis and care for marrow failure patients. The Maxima diagnostic 
laboratory runs cytomorphology, histology, flowcytometry and molecular 
diagnostics. Germline diagnostics are done in all patients with malignancies. 
There is a close collaboration with pathologists, immunologists and geneticists. 
The staff member, responsible for hemato-oncology diagnostics, is part of the 
EWOG MDS review system. The HSCT center, physically located in the building 
of the Princess Maxima center is a cooperation with the Wilhelmina 
Hospital, with pediatric hematologists, immunologists and metabolic diseases 
experts involved. Marrow failure patients are discussed in a dedicated tumor 
board meeting.  
Please refer patients using the following mail-address: 

diagnostisch.lab@prinsesmaximacentrum.nl ovv Verdenking 
beenmergfalen/screening leukemia. 
 
Core team members: 
Dorine Bresters (high risk MDS and jMML, Fanconi anemia, HSCT) 
D.Bresters@prinsesmaximacentrum.nl 
Arjenne Kors (SAA and registration issues) 
W.A.Kors@prinsesmaximacentrum.nl> 
Marc Bierings (Fanconi anemia, SAA, HSCT) 
M.Bierings@prinsesmaximacentrum.nl> 
Valerie de Haas (diagnostics) V.deHaas@prinsesmaximacentrum.nl> 
Katja Heitink (chair clinical group) K.Heitink-Polle@prinsesmaximacentrum.nl> 
 

2.7.4 HSCT cooperation in the Netherlands: SCT Platform 
Both pediatric allogeneic transplant teams in the Netherlands (Utrecht and 
Leiden) have monthly live meetings where they discuss all new transplant 
candidates, their transplant issues as well as complicated cases. Whereas the 
Leiden team specializes in immunodeficiencies and hemoglobinopathies and 
the Utrecht team in malignancies and metabolic disorders, the conditions 
discussed in this guideline treated by HSCT are treated at both sites. It has been 
decided that SAA as well as MDS-RCC can be treated at both Leiden and Utrecht 
as expertise in diagnostics and treatment will be shared in the framework of the 
Platform. In case of diagnosis of Fanconi anemia, we advise to consult either 
Drs Kors, Bierings or Bresters at the Maxima to inform the patient and advise on 
the care to be provided. (contact details see above).  

 
2.8 Data registry and biobanking 

All pediatric patients with aplastic anemia will be referred to a hematopoietic stem cell 
transplantation unit, ie to LUMC or Utrecht center. At both centers patients will be 
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informed about biobanking and (European) data registration. Upon approval materials 
and data will be saved at the local registries. Registered data will be synchronized with 
European SAA data registries of EWOG-MDS and EBMT. 
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3. Supportive care
For the management of AA, optimal supportive care is crucial until curative treatment is 
successfully applied as the complication risks of cytopenia are high. Although uniform 
recommendations and studies showing clinical benefit in AA patients lack, here we 
summarize current recommendations for optimal AA supportive care based on historical 
experience (35).  
 
3.1 Transfusions 

In case of anemia or thrombocytopenia the standard leukocyte-depleted blood 
products can be used. Irradiated blood products should be used for patients with 
lymphopenia and from the starting point of HSCT or the administration of ATG up to 1 
year post transplant (prolonged in case of prolonged severe immunodeficiency). In 
addition we advise to use Parvo-B19 negative blood products until the results of 
serologic testing for Parvo-B19 are available and for sero-negative patients or donors in 
the context of HSCT. 
 
3.1.1 Red blood cells 

At the diagnostic and pre-treatment stage, we advise to supply patients with 
anemia with red blood transfusions according to transfusions guidelines. During 
a HSCT procedure we advise to administer red blood cell transfusions to 
patients according to the HSCT center local guidelines. 
 

3.1.2 Platelets 
The use of prophylactic platelet transfusions for pediatric SAA patients is 
historically restrictive due to the lack of evidence for prevention of bleeding as 
well as the possibility of formation of HLA antibodies following platelet 
transfusions. On the other hand, very rarely, severe bleedings and even 
cerebral bleedings with high mortality rates occur in pediatric AA patients. 
There is no data available to show whether prophylactic platelet transfusion 
can prevent severe bleeds in pediatric AA patients and the prevalence of HLA 
antibodies is rare in this group. Based on expert opinion, we advise to estimate 
the bleeding risk for each individual patient by using a clinical bleeding score. 
Another determinant for transfusion policy is the expected time or delay until 
curative treatment. As a guideline, in case of HSCT within 3 months after 
diagnosis, we advise to consider platelet transfusions with a threshold of 
<5x10.9/l platelets in stable patients, <10x10.9/l in patients with fever or other 
clinical bleeding risk factors and <20x10.9/l in patients with confirmed bleeding 
such as retinal bleedings. In case of IST, as patients might remain transfusion 
dependent for a long time and might undergo second line HSCT, we advise to 
act very restrictive in transfusing platelets and to reserve transfusions only for 
clinical relevant bleeding symptoms or prior to procedures with high bleeding 
risks such as operations. In addition, the use of HLA-matched platelets should 
be considered for this group of AA patients, especially in cases with proven low 
results of random platelet transfusion. It is advised to consult with a transfusion 
specialist in selected cases.   
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3.1.3 Granulocytes 
In patients with severe life-threatening infections and deep neutropenia  
(<200x106/l), the use of granulocyte growth factors may be considered and the 
potential use of granulocyte transfusions can be discussed with the HSCT 
center. However the evidence for positive treatment outcomes is lacking and 
most importantly any delay to treatment by curative therapies to reverse 
neutropenia should be avoided. 
 

3.1.4 Central venous catheter 
As most pediatric SAA patients are treated by HSCT for which a central venous 
catheter is needed to administer conditioning agents, we advise to consider 
placing  a central venous access (preferably double lumen Hickman catheter) as 
early as possible. While waiting for HSCT, the line can be used for transfusions 
since (young) patients are at risk to be traumatized due to repetitive blood tests 
and iv insertions.  

 

3.2 Antibiotic and antifungal prophylaxis 
In case of febrile neutropenia, broad-spectrum intravenous antibiotics should be 
administered without delay awaiting blood and if applicable other culture results. If the 
fever persists beyond 48u hours despite antibiotic treatment and blood cultures show 
no bacterial growth, systemic and atypical fungal infection should be considered (CT-
thorax) and meanwhile antifungal treatment should be initiated. In patients with 
neutropenia <500x10^9/L, the use of prophylactic antibiotics (selective gut 
decontamination), first choice cotrimoxazole or ciproxin (and considering antifungals, 
depending on the duration of neutropenia and the anticipation whether the neutrophil 
count will drop further) is strongly advised. In addition, all patients with neutropenia 
<200x10^9/L should receive gram negative prophylaxis (ciprofloxacin) and antifungal 
prophylaxis. First choice is itraconazole and preferably using the suspension as the 
absorption of the capsules is not optimal in pediatric patients. If capsules are used, 
please consider plasma concentration measurements to ensure adequate prophylaxis.  
Patients treated with immunosuppressive therapy should receive cotrimoxazole 
prophylaxis to prevent pneumocystis jiroveci pneumonia (15/3 mg/kg, 3 days per 
week). 

 

3.3 Other recommendations 
Azoles interfere with cyclosporine as they significantly increase the cyclosporine plasma 
levels, therefore during the addition or withdrawal of azoles the cyclosporine blood 
levels need to be checked frequently until a new steady state has been reached. 
Prophylactic platelet transfusions are not needed for bone marrow aspiration or biopsy 
procedures, although it is important to apply local pressure after the puncture. 
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For recurrent mucous membrane bleedings tranexamic acid 25-50 mg/kg in 3-4 doses 
can be used if there are no signs of haematuria. 
In case of heavy menstrual bleeding due to thrombocytopenia also hormonal therapies 
can be considered. 
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4. Treatment
Regardless of the type of the first line therapy,  postponement of treatment is a significant 
risk for complicated disease course (36). The best available treatment in case of confirmed 
diagnosis of SAA or MDS-RCC is allogeneic HSCT, using (if available) a HLA identical sibling or 
10/10 matched unrelated donor (MUD) (37), with bone marrow as stem cell source. All 
efforts should thus be focused on: rapid completion of essential diagnostics, including 
marrow biopsies as well as rapid identification of the best available donor.  
Immunosuppressive treatment (IST) is the alternative to HSCT (38). Treatment results with 
IST are limited by slow responses and limited results (40-60% remission rates) but also by 
late clonal events and complications of prolonged immunosuppression such as infections 
and renal toxicity.  
Therefore, despite good survival with IST as initial treatment, this leads to a limited disease-
free survival and the need for salvage treatment by HSCT. 
Nevertheless, in those cases where the HSCT approach is without long-term experience, as 
in haplo-identical (39) or cord blood (CB) HSCT, IST needs balanced consideration. This 
decision-making should be reserved for the HSCT platform for deliberation between HSCT 
centers including a parallel plan for salvage HSCT without delay in case of IST failure since 
HSCT results after failed IST are excellent (40).  
The following paragraphs describe the essentials of SAA/MDS-RCC treatment and follow-up 
to provide transparent insights to the referral physicians supporting collaborative  
management of these patients. Thereby, details of treatment can differ per HSCT center and 
de paragraphs are not meant as operating procedures for the HSCT centers. 
 
4.1 Hematopoietic stem cell transplantation 

4.1.1 Preparative investigations 
Prior to HSCT patients undergo full diagnostic analysis for the identification of 
underlying bone marrow failure syndromes and HLA typing as described in 
chapter 2. In addition, upon consent, 
are collected for the biobank for future studies.  
Preparative investigations prior to treatment to monitor any disease 
complication, base line organ function and related to HSCT include the 
following: 
- Blood examination including liver parameters, kidney function, electrolytes.  
- Thyroid function, hormonal state, bone age and evaluation by the pediatric 

endocrinologist. 
- CT-thorax and CT sinuses to exclude infectious foci 
- Lung function analysis if possible by age (>4y) and evaluation by the 

pediatric pulmonologist. 
- Dental surgeon consult with orthopantomogram to detect and treat any 

dental infectious foci. 
- Cardiac evaluation by the pediatric cardiologist including  echocardiography 

and electrocardiogram. 
- Evaluation by the ophthalmologist for retinal bleedings with periodic 

follow-up when bleedings are present and consider to perform cranial MRI 
to exclude (small) intracranial bleedings 
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- For post-pubertal male patients semen cryopreservation should be advised. 
For female patients, ovariectomy is discouraged as the risk of infertility due 
to the chemotherapy of reduced intensity conditioning regimens is thought 
to be acceptable and lower than the complication risks of ovariectomy. 
 

4.1.2 Donor source 
Donor hierarchy is mainly based on HLA matching. An HLA identical sibling is 
the most preferred donor. If unavailable, alternative donors should be 
considered in the following order: matched unrelated donor (MUD) 10/10, 
9/10, haplo-identical (parent)/cord blood. Bone marrow is preferred above 
peripheral blood stem cells due to a lower graft versus host disease (GvHD) risk 
(41). Cord blood (CB) can be used when HLA matched and cell numbers are 
sufficient. In general 2-5x10^8 total nucleated cells (TNC) per kg should be 
infused and 2-5x10^7/kg when CB is used. With increasing level of HLA 
mismatch, ie for MUD and haplo-identical donors, higher number of cells will be 
used.  
 

4.1.3 Conditioning regimens 
Based on comparison of several conditioning regimens most pediatric SAA 
patients receive reduced intensity conditioning regimens and ATG independent 
of the type of donor (42). Also for hypoplastic MDS (MDS-RCC) without 
chromosomal aberrations predisposing for malignant transformation, reduced 
intensity conditioning is advised (11, 43). Therefore, the conditioning regimen is 
decided based on bone marrow cellularity and the presence of chromosomal 
aberrations and will not be awaited for final judgement of SAA versus MDS-RCC 
differentiation. The standard conditioning regimen for HLA-identical and 10/10 
MUD, is as follows: 

 
 
 
 
 
 
 

For MDS-RCC patients without hypocellular bone marrow or with chromosomal 
aberrations,  more myeloablative conditioning regimen is used: 

Day -9 -8 -7 -6 -5 -4 -3 
ATG: 
Individualized dose 

1 2 3 4    

Fludarabine: 
Total 120mg/m2 

   1 2 3 4 

Cyclophosphamide: 
Total 100mg/kg 

   1 2 3 4 

Day -9 -8 -7 -6 -5 -4 -3 
ATG: 
Individualized dose 

1 2 3 4    

Fludarabine: 
Total 160mg/m2 

   1 2 3 4 

Treosulfan: 
< 1 year: total 30g/m2 
> 1 year: total 42g/m2 

   1 2 3 4 

Thiotepa:   1     
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Total 8mg/kg 
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For mismatched donors (MUD 9/10 or haplo-identical donors) and other stem 
cell sources than bone marrow, conditioning regimens are adjusted according 
to international guidelines.  
In general rabbit-ATG is used in patients who have not been exposed to 
Thymoglobulin in prior treatment. If patients have been exposed to rabbit-ATG 
antibodies to rabbit-ATG will be measured and if present, Campath or horse-
ATG will be used.  
The graft versus host prophylaxis treatment consists of methotrexate 10mg/m2 
at days +1, +3 and +6 and cyclosporine A starting at day -1 up to 6 moths post 
transplantation dosed on plasma levels for HLA-identical and 10/10 matched 
donors. For mismatched donors post transplantation cyclophosphamide 
50mg/kg is added to this treatment at days +3 and +4 followed by MMF 30 days 
and ciclosporin for 6 months (44).  
 

4.1.4 Outcomes 
HSCT outcomes for pediatric patients with SAA using suitable donors and bone 
marrow as stem cell source are excellent for survival, disease free survival and 
with very limited rates of GvHD (37, 45, 46). In addition, by adjusting 
conditioning regimens and GvHD prophylaxis regimens for patients 
transplanted with a mismatched donor as mentioned within the previous 
section, the outcomes for these patients have improved significantly (37, 39, 
44).  

 

4.2 Immune suppressive therapy (IST) 
4.2.1 Treatment protocol 

The standard IST treatment is as follows: 
- Horse-ATG (ATGAM®) 40 mg/kg/day for 4 consecutive days is preferred (47) 

above rabbit ATG (Thymoglobuline®) 3.75 mg/kg/day for 5 consecutive 
days. 

- CsA 5 mg/kg/day orally administered in 2 doses and titrated based on 
plasma levels for 6 months. Thereafter, slow tapering is advised in patients 
who have achieved complete remission, or continued in patients with poor 
response.  

- Methylprednisolone 1 mg/kg/day IV for 5 days, shortly infused before the 
ATG infusions. Prednisolone treatment is continued by oral prednisolone 1 
mg/kg/day divided in 3 dosages for days 6-14. At day 14 prednisolone can 
be tapered and stopped at day 29. 

- is administered to  patients with granulocyte 
counts below 500x106/l, until day 28. If there is a granulocyte response 
(ANC >500x106/l, at at least 2 consecutive checks), the dose may be 
tapered by lengthening the injection interval, after which it may be 
stopped. In case of persistent neutropenia after day +28, the dose of GCSF 

 once daily. If a dose-increase does not 
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result in neutrophil recovery at day +56, the GCSF may be stopped. GCSF 
therapy should not last longer than 100 days in total. 

 

4.2.2 Thrombopoietin agonist additive therapy to IST 
Due to an estimated high percentage of patients refractory to initial IST 
treatment (>30%) and a high percentage of relapse after initial response 
(approximately 30%) (15) IST additive bone marrow stimulating therapies, such 
as eltrombopag, might be considered. Eltrombopag efficacy was seen in recent 
studies in adult (refractory) SAA patients,  demonstrating that approximately 
40% of patients treated with eltrombopag had hematologic responses in at 
least one lineage at 12 weeks (48). Additional follow-up demonstrated an 
improvement in the cellularity of the marrow and hematologic responses in 
multiple lineages at 6 months (49). 
Since there is limited information about the safety and efficacy of eltrombopag 
in pediatric SAA patients, patients should be, if treated with eltrombopag 
included in a clinical trial. The eltrombopag risk specific to patients with SAA is 
the potential of stimulating cell clones with cytogenetic abnormalities of which 
the increased risk to malignant transformation remains unknown. Myelofibrosis 
could be another risk of prolonged use of eltrombopag. Therefore, periodical 
bone marrow examination including cytogenetics is advised in most study 
protocols. The EWOG recommendation is not to use eltrombopag routinely in 
pediatric SAA/MDS-RCC patients. 
 

 

4.3 Moderate aplastic anemia (MAA) management 
In case of MAA defined as peripheral cytopenia with hypocellular bone marrow without 
transfusion dependency and neutrophils > 0.5x10^9/L and platelets >40x10^9/L we 
recommend 'watch and wait' strategy to be initiated. The full diagnostic algorithm 
described in chapter 2 should be followed as underlying IBMFS are even more 
frequently described in patients with moderate cytopenia, especially moderate 
thrombocytopenia (1). Regular follow-up of peripheral blood cell numbers with 
increasing intervals and at least four times a year should be performed to monitor 
disease progression. In addition, yearly bone marrow aspirations should be examined 
for dysplasia and malignant clonal evolution. In case of progression, patients may be 
treated according to the guidelines for SAA as mentioned above. 

  



22 
 

5. Follow-up
5.1 After HSCT 

5.1.1 Hematopoiesis 
Approximately between day +21 to day +28 after HSCT, pediatric SAA patients 
transplanted according to the protocol presented here will be engrafted 
(defined as neutrophil count > 0.2^10x9). Within the next days, hematopoiesis 
recovery is evident and most patients are not transfusion dependent anymore. 
Thereby patients are considered cured of SAA. However, occasionally 
relapses may occur, usually preceded by mixed chimerism. This indicates the 
importance of regular chimerism investigations, at least each 3 months for the 
first year after HSCT and thereafter on yearly base until the age of 18. The 
percentage of donor versus patient chimerism within the MNC and 
granulocytes compartment has limited predicting value to estimate relapse 
risks. Probably patient dominant chimerism in certain lymphocytes subsets and 
other factors play a role. At the moment there is no evidence supporting 
interventions to favor donor chimerism such as donor lymphocyte infusions 
(DLI) or bone marrow boosts and second HSCT seems to be the only rational 
treatment for relapsed severe disease (50, 51).     
 

5.1.2 Immune recovery 
The post HSCT immune recovery of SAA patients seem to be delayed when 
compared to patients transplanted for other indications. Its noteworthy that 
despite late immune recovery, patients scarcely encounter infectious disease 
after HSCT which is not fully understood yet. This might be partly related to the 
strict preventive measures to prevent viral and invasive infections and to early 
detect and treat viral reactivations as long as CD4+ Tcells are below 200 
x10^6/L and to supply intravenous immunoglobulins (IVIG) based on IgG levels 
(threshold is age dependent, however on average IgG level <5 is used for IVIG 
supplementation). On average 3-6 months after HSCT the immune recovery is 
sufficient to end isolation measures at home and to start revaccinations 
according to HSCT center protocols.  
 

5.1.3 Late term follow-up 
Late effects after HSCT in SAA patient arise from a combination of the 
underlying disease, the pre-HCT therapy, and/or the HSCT process.  After two 
years post HSCT, patients are regularly monitored for late effects after HSCT. 
The annual follow-up program is designed  according to the national Monitoring 
Late Effect after non-malignant pediatric HSCT screening guideline (52) with 
additional monitoring in case of syndrome-specific screening 
recommendations. 
 
 

5.2 After immune suppressive therapy 
5.2.1 Response evaluation 
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Follow-
good resulting to transfusion independency and neutrophil counts > 0.5x10^9, 
follow-up is mainly directed at treatment toxicity monitoring and signs of 
relapse. In patients not showing such good response CsA dependency,  defined 
as the need for CsA treatment >2 years after the 1st IST course may develop. In 
those patients particular attention must be directed towards the side-effects 
that occur with chronic CsA use, including: 
- Azotemia and hypertension: increasing creatinine values are an indication for 
dose-reduction. Chronic nephropathy characterized by interstitial fibrosis and 
tubular atrophy may be irreversible side-effects of CsA maintenance therapy. 
- Magnesium loss must be compensated by extra oral magnesium intake to 
prevent convulsions and muscle weakness. 
- Opportunistic infections become a serious risk-factor, and pneumocystis 
jiroveci pneumonia prophylaxis is important (cotrimoxazole 15/3 mg/kg, once 
daily, 3 times per week). 
- Furthermore hypertrichosis, gingival hypertrophy, PNH clones development 
and evolution and other clonal evolution should be evaluated. 
 

5.2.2 Clonal evolution 
All patients who do not meet the criteria for complete remission after half year 
of IST and/or receive ongoing IST are at risk for clonal evolution, i.e. the 
development of MDS, AML or solid tumors (8). In addition, patients who receive 
eltrombopag next to IST, might have an increased risk of clonal evolution (53, 
54). Therefore, at least a yearly bone-marrow aspirate, bone marrow biopsy 
and cytogenetic evaluation (including SNP array and mutational analysis of 
predisposing genes as indicated in chapter 2) is required for these patients. 
When signs of MDS or clonal cytogenetic abnormalities appear, HSCT 
transplantation should be reconsidered. In addition, also the development or 
increase of PNH clones should be investigated systemically.  
 

5.2.3 Second-line HSCT 
In case of poor response to IST after 6 months of treatment we advise second 
line HSCT over maintenance CsA therapy or a second round of IST by using 
different ATG. The morbidity and mortality risks of second IST in the group of 
non-responders to first IST are most likely higher compared to the risks 
accompanied by HLA-mismatched HSCT (44, 51). 
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6. Late relapse
6.1 Background 

Most relapsed SAA after HSCT is related to primary non-engraftment or secondary graft 
failure (engraftment occurs but is followed by progressive autologous reconstitution). 
Stable mixed chimerism after HSCT is often not related to graft failure and even 
associated with lower risk of GVHD and better survival (50). However, a dominant 
negative effect of residual patient cells is one of the research items in SAA relapse after 
HSCT. Moreover, recurrent disease in major or full donor chimeric patients has been 
reported. The pancytopenia occurring in patients with (almost) 100% donor chimerism 

-type 
scarce and limited to case 

reports lacking clarifying underlying pathophysiologic mechanisms. DTA might be 
caused by affected donor stem cells for patients transplanted by an HLA-identical 
sibling donor who might suffer from the same mutation as the patient. Alternatively,  
the (almost) 100% donor chimerism might not be valid when chimerism is investigated 
in lymphocytic subtypes, such as within the Tcel compartment, so that the disease is 
patient and not donor derived. Also the patient hematopoietic stem cell niche might 
negatively influence donor hematopoiesis (55, 56). 

 

6.2 Recommendations for relapse management 
We advise: 

- Bone marrow aspiration and trephine biopsy to determine hematopoiesis 
and to exclude clonal disease. 

- Chimerism analysis on peripheral blood and bone marrow, also for the T 
cell compartments.  

- Extended cytogenetic and mutational analysis to identify underlying bone 
marrow failure syndromes if not performed prior to HSCT (same protocol as 
described in chapter 2) or extended analysis when meanwhile novel 
mutations have been discovered. Please note that when patients suspected 
of relapse are mainly donor chimeric, such analyses should be performed 

obtained from another source than blood, for example by using patient 
fibroblasts cultured from skin biopsies.  

- Meanwhile a new donor search must be performed and alternative donor 
options should be considered in cooperation with the HSCT center. 

The outcomes will help to gain a better understanding of the cause of relapse 
and provide a rationale for choosing the best donor in case of second HSCT. 
Especially for the late relapses in almost 100% donor chimeric patients, registry 
data show no long-term beneficial effect of treatments (such as varying 
combinations of additional immunosuppression, DLI, stem cell boosts, and 
other therapies) other than second transplantation (50). Therefore we 
recommend to manage relapsed patients with transfusion dependency or 
neutrophil counts <0,5x10^9/ul equal to SAA management as described above 
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to prepare for second transplantation without delay while milder relapses, 
comparable to MAA definition  can be managed by the 
approach. 
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