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A B S T R A C T
Background Bone marrow failure is a disease that develops due to different etiologies. Aplastic anaemia (AA) and 
hypocellular myelodysplastic syndrome (HMDS) are the most common bone marrow failure disorders. Treatment options 
include supportive therapy, immunosuppressive therapy, and allogeneic hematopoietic stem cell transplantation (allo-
HCT). Allo-HCT is the only curative treatment option. This study aimed to retrospectively evaluate the demographic 
characteristics, treatment, and transplantation results of patients who underwent Allo-HCT for bone marrow failure.
Methods This single-centre retrospective study enrolled 11 patients (9 with severe AA and 2 with HMDS) who 
underwent allo-HCT for bone marrow failure. The patients’ records until 17.08.2023 were analysed. Age, gender, 
diagnosis, donor age and gender, type of transplantation, pre-transplant ferritin levels, time to transplantation, volume 
of infused product, number of CD34+ cells in the infused product, post-transplant engraftment times, discharge time, 
transplant-related complications, post-transplant follow-up and overall survival times were obtained. 
Results Eleven patients underwent 12 allo-HCTs for bone marrow failure. Seven patients were male, and four were 
female. The median age was 40, and seven patients were ≥ 40 years old at the time of transplantation. Eleven transplants 
were performed from HLA fully matched siblings and one from a 9/10 matched sibling donor. Bone marrow was used 
as a stem cell source in 8 transplants and peripheral blood in 4 transplants. The conditioning regimen was fludarabine/
cyclophosphamide/anti-thymocyte globulin in all patients. The median time from diagnosis to transplantation was five 
months. The median time for neutrophil engraftment was 23 days. The median platelet > 20.000/mm3 engraftment time 
was 16 days. A statistically significant positive correlation was found between ferritin levels and platelet > 20.000/mm3 
engraftment (days) (r = 0.653, p = 0.040) and platelet > 50.000/mm3 engraftment (days) (r = 0.720, p = 0.029). There was 
a statistically significant negative correlation between the number of infused CD34 positive cells (106/kg) and platelet 
> 50.000/mm3 engraftment (days) (r = -0.670, p = 0.024). Patients were discharged in a median of 23 days. Acute graft 
versus host disease (GvHD) was observed in one patient, while chronic GvHD was not observed in any patient. The 
median overall survival time was 48 months, and the median post-transplant follow-up was 37 months. Secondary 
malignancy and MDS were not detected in any patient during the follow-up period. All 11 patients who underwent 
Allo-HCT from a matched sibling donor are alive and continue to have a complete haematological response. There was 
no increase in mortality and morbidity in patients aged 40 years and older. 
Conclusions In patients with severe AA and high-risk HMDS without comorbidities between the ages of 40 and 50, 
allo-HCT should be considered as first-line treatment in the presence of an HLA-matched sibling donor. 
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INTRODUCTION

Bone marrow failure is a group of disorders that 
develop due to different etiologies. The leading causes 
of acquired bone marrow failure include aplastic anae-
mia (AA) and hypocellular myelodysplastic syndrome 
(HMDS). AA is defined as pancytopenia with hypo-
cellular bone marrow without infiltration or fibrosis. 
Supportive therapy, immunosuppressive therapy (IST), 
and allogeneic stem cell transplantation (allo-HCT) are 
among the treatment options. Supportive therapy in-
cludes erythrocyte and platelet transfusion, prevention 
and treatment of infections, thrombopoietin mimetic 
eltrombopag, and iron chelation. Standard first-line IST 
combines horse-derived anti-thymocyte globulin (ATG) 
and cyclosporine-A (CsA).1 HLA typing should be per-
formed at the time of diagnosis for all newly diagnosed 
AA patients who may be potential transplant candidates. 
Allo-HCT is the only curative treatment option. How-
ever, it may only be a suitable option for some patients. 
Although the approach is still being determined because 
of the rarity of the diseases, bone marrow transplantation 
should be the first-line treatment in patients with severe 
AA, especially in patients aged < 40 years if there is an 
HLA-compatible sibling donor.2 The appropriate age 
limit for transplantation is gradually increasing. Trans-
plant-related morbidity and mortality is gradually im-
proving with advances in treatment. A limit between 35 
and 50 years of age has been proposed depending on the 
patient’s comorbidities in selected patients who are med-
ically fit for patients between 41 and 60.3 IST is applied 
in patients unsuitable for allo-HCT.4 

Myelodysplastic syndrome (MDS) is a clonal bone 
marrow neoplasm characterised by morphological dys-
plasia findings in hematopoietic cells, peripheral cyto-
penia(s), ineffective hematopoiesis, recurrent genetic 
abnormalities, and increased risk of transformation to 
acute myeloid leukaemia.5 The role of allo-HCT in treat-
ing low-risk MDS has yet to be fully established. It has 
been shown that progression-free and overall survival 
rates of patients with multiple molecular abnormalities 
are significantly reduced compared with patients who do 
not carry mutations. It may be recommended that these 
patients and patients with TP53 mutation be closely 
monitored, the HLA typing should be studied, and they 
should be directed to HCT.1 HMDS is an MDS subgroup 
comprising 10-15% of MDS patients characterised by 
bone marrow hypocellularity. IST is an essential compo-
nent of the clinical approach in patients with HMDS; ear-
ly allo-HCT should also be considered in some patients.6 

In this study, we retrospectively evaluated the allo-HCT 
results of patients diagnosed with acquired severe AA 
and HMDS. It was aimed to determine the clinical char-
acteristics and transplantation results of patients who un-
derwent allo-HCT for bone marrow failure.

MATERIAL AND METHODS

Patient selection
The study included patients over 18 who underwent 

allo-HCT and were diagnosed with acquired severe 
AA and HMDS in our haematology department be-
tween January 2016 and April 2023. The conditioning 
regimen: fludarabine (30 mg/m2/day; days -8, -7, -6, 
-5) + cyclophosphamide (300 mg/m2/day; days -8, -7, 
-6, -5) + ATG (rabbit sourced; 3.75 mg/kg/day; days 
-4, -3, -2, -1) in all patients. Graft versus host disease 
(GvHD) prophylaxis: methotrexate 10 mg/m2 IV on 
day +1 and CsA 3 mg/kg/day on day -1 were adminis-
tered to all patients. After transplantation, all patients 
received prophylactic acyclovir, trimethoprim-sulfa-
methoxazole, triflucan, and ciprofloxacin.

Response assessment
Neutrophil and platelet engraftment was defined 

as absolute neutrophil count > 500/mm3 and platelet 
count > 20000/mm3 on three consecutive days with-
out transfusion support, respectively. Primary graft 
failure (GF) was defined as failure to achieve engraft-
ment 28 days after HCT. Secondary GF was described 
as a neutrophil count < 500/mm3 after initial engraft-
ment. Post-treatment blood counts were classified as 
complete response (CR), partial response (PR), and 
no response.1 Standard criteria were used for stage 
2-4 acute GvHD and chronic GvHD.7,8 Chimerism 
determination was routinely performed in the 1st 
post-transplant month. Post-transplant cytomegalovi-
rus (CMV) follow-up by PCR was performed twice a 
week in peripheral blood for the first 100 days.

Statistical analysis
Statistical analyses were performed using “IBM 

SPSS Statistics for Windows. Version 25.0 (Statistical 
Package for the Social Sciences, IBM Corp., Armonk, 
NY, USA)”. The data were analysed for normality, 
and Shapiro-Wilk values were determined as p < 0.05. 
Therefore, the Spearman correlation test was used to 
determine the relationship between continuous vari-
ables. p < 0.05 was considered statistically significant.
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RESULTS

Twelve allo-HCTs were performed in 11 patients 
with bone marrow failure (9 severe AA and 2 HMDS). 
The median age was 40, and seven patients were ≥ 
40 years old at the time of transplantation. Allo-HCT 
was administered as first-line treatment in 9 patients 
and second-line therapy in 2 patients. The median 
time from initial diagnosis to transplantation was five 
months. Patient and transplant characteristics were 
summarised in Table 1. 

The median time to neutrophil > 500/mm3 engraft-
ment was 23 days, and the median time to platelet 
20000/mm3 engraftment was 16 days. 

Table 2. Results of transplantation. 
Engraftment time (days)  
   Neutrophils >500/mm3 
   Platelets >20.000/mm3  
   Platelets >50.000/mm3 

 
23 (13:31) 
16 (11:24) 
22 (14-33) 

Engraftment failure 1 (8.3) 
Discharge duration (days)  23 (20:39) 
Chimerism 30 days after 
transplantation  
   100 
   85-100 

 
6 (60) 
4 (40) 

Complication after transplantation  
   FEN 
   Grade 1-2 mucositis 
   Grade 1-2 nausea and vomiting 

 
5 (41.6) 
4 (33.3) 
9 (75) 

GvHD 
   Acute 
   Chronic 

 
1 (8.3) 

0 
CMV infection after transplant 
   Yes 
      One time  
      Two times  
   No 

 
6 (54.5) 
6 (54.5) 
3 (27.2) 
5 (45.4) 

Hematological Response  
   Complete remission 
   No response 

 
11 (91.6) 
1 (8.3) 

Last status 
   Alive 
   Exitus  

 
11 (100) 

0 
Post-transplant follow-up time 
(months)  

37.48 (4.30:92.63) 

Overall survival (months)  48.20 (9.30:95.17) 
The values were expressed as n (%) or median (minimum: 
maximum). 

 
  Post-transplant patients were complicated with fe-

brile neutropenia (FEN), grade 1-2 mucositis, and 
grade 1-2 nausea-vomiting. No focus of infection 
was found in 3 of 5 patients complicated with FEN, 
and the response was obtained with piperacillin-ta-
zobactam. E.coli was also grown in blood culture in 
2 patients, and a response was received with mero-
penem. Patients were discharged on the median 23rd 
day (20-39 days). CMV infection was observed in 
six patients. All of these were in the first 100 days 
of transplantation. Three patients experienced CMV 
reactivation for the second time after the 100th day of 
transplantation. CMV-DNA negativity was achieved 
in all patients with oral valganciclovir treatment. The 
chimerism of 6 patients who could be chimerised in 
the first month was 100%, and four patients had an 

Table 1. Patient (n: 11) and transplant (n: 12) 
characteristics. 
Number of transplants 
   Transplant for the second time 

12 
1 

Recipient Gender (female/male) 4/7 
Recipient transplant age (years) 40 (21:55) 
Diagnosis 
   Severe aplastic anaemia 
   Hypocellular MDS 

 
9 (81.8) 
2 (18.1) 

Donor  
   Sibling  
   Age (years) median, (min-max) 

 
12 (100) 

39.5 (25:63) 
Diagnosis-transplant time (months) 5 (2:35) 
Number of transfusions (U) 
   Erythrocyte suspension 
   Platelet suspension 

 
11.5 (5:55) 
12.5 (2:69) 

Pre-transplant ferritin level (µg/L) 1291 (284:3970) 
Conditioning regime 
   Flu/Cy/ATG 

 
12 (100) 

HLA matching 
   9/10 
   10/10 

 
1 (8.3) 

11 (91.6) 
Stem cell source 
   Bone marrow 
   Peripheral blood 

 
8 (66.6) 
4 (33.3) 

Infused product volume (cc)  
   Bone marrow 
   Peripheral blood 

 
1250 (320:1500) 
520 (105:720) 

Number of infused CD34+ cells (10⁶/kg)  
   Bone marrow 
   Peripheral blood 

 
0.98 (1:5.4) 
5.67 (2:6.65) 

Infused product CD34+ cell count (µL) 
   Bone marrow 
   Peripheral blood 

 
76 (52:812) 

1149 (192:4991) 
MDS: myelodysplastic syndrome, CsA: cyclosporine A, ATG: anti-
thymocyte globulin. 
The values were expressed as n (%) or median (minimum: 
maximum). 
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85-100% donor profile. Acute GvHD was observed in 
one patient, while chronic GvHD was not observed 
in any patient. After transplantation, one transplant 
was considered non-responsive, and the others were 
complete responders. Although chimerism was 100% 
in the unresponsive patient, a second allo-HCT was 
performed 15 months after the first transplant due to 
secondary graft failure from another fully matched 
sibling (patient number 8 in Table 4). The results of 
transplantation were summarised in Table 2.

There was a statistically significant positive cor-
relation between ferritin levels and platelet > 20.000/
mm3 engraftment (day) (r = 0.653, p = 0.040) and 
platelet > 50.000/mm3 engraftment (day) (r = 0.720, 
p = 0.029). A statistically significant negative correla-
tion was found between the number of infused CD34 
positive cells (106/kg) and platelet > 50.000/mm3 en-

graftment (days) (r = ‒0.670, p = 0.024) (Table 3). 
No statistically significant difference was found 

between CMV infection and age groups (< 40 and 
≥ 40 years) (p = 0.558) and between neutrophil and 
platelet engraftment times and age groups (< 40 and 
≥ 40 years) (p = 0.104 and p = 0.682, respectively). 
One patient was complicated by BK virus (during 
her second transplant) (transplant number 11 in Table 
5). Pregnancy was detected in one patient in the 5th 
month of transplantation (patient number 6 in Table 
4). No complications or disease recurrence were ob-
served during pregnancy. Delivery was performed un-
eventfully by standard vaginal delivery at 39 weeks. 

The median follow-up period was 48 months, and 
the median post-transplant follow-up period was 37 
months. All patients were still in our follow-up after 
transplantation; complete haematological responses 

Table 3. The relationship between engraftment times and various variables. 
  Neutrophil >500/mm3 

engraftment (day) 
Platelet >20.000/mm3 

engraftment (day) 
Platelet >50.000/mm3 

engraftment (day) 
Recipient transplant age r 

p 
0.361 
0.249 

0.018 
0.956 

‒0.067 
0.846 

Donor age r 
p 

0.445 
0.147 

0.198 
0.538 

0.169 
0.620 

Pre-transplant ferritin (µg/L) r 
p 

0.445 
0.197 

0.653* 
0.040 

0.720* 
0.029 

Infused product volume (cc) r 
p 

0.549 
0.065 

0.250 
0.433 

0.483 
0.133 

Number of CD34+ infused 
cells (106/kg) 

r 
p 

‒0.507 
0.092 

‒0.531 
0.076 

‒0.670* 
0.024 

Number of infused product 
CD34+ cells (µL) 

r 
p 

‒0.532 
0.075 

‒0.346 
0.270 

‒0.579 
0.062 

A correlation was significant at 0.05 level (Spearman correlation test). 
 
  

Table 4. Data of the study patients at the time of diagnosis. 
Patient 
no 

Gender Diagnosis Neutrophil 
(/mm3) 

Haemoglobin 
(g/dL) 

Platelets 
(/mm3) 

Corrected 
reticulocyte (%) 

Transfusion 
dependence 

1 Male SAA 50 7.6 13000 0.2 Yes 
2 Male HMDS 780 9.5 13700 0.9 Yes 
3 Male SAA 480 8.1 26000 0.6 Yes 
4 Male SAA 640 8.1 9600 0.5 Yes 
5 Male SAA 990 7.5 18000 2.4 Yes 
6 Female SAA 330 5.7 21000 0.7 Yes 
7 Male AA 1100 13 54000 1.3 No 
8 Female SAA 1600 3.9 8000 0.4 Yes 
9 Male SAA 600 4.9 3900 0.4 Yes 
10 Female SAA 480 9.1 4400 0.3 Yes 
11 Female HMDS 1500 6.1 19000 1.1 Yes 
SAA: severe aplastic anaemia, HMDS: hypocellular myelodysplastic syndrome.  
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continued. Secondary malignancy and MDS were not 
detected in any patient during the follow-up period. 
Patient data were given in Tables 4 and 5. 

DISCUSSION

Severe AA is a life-threatening disease with a high 
mortality rate due to bleeding and infections, and 
therefore, effective treatment is essential.9 In severe 
AA, allo-HCT with an HLA-compatible sibling donor 
is recommended in patients under 40.2 In young pa-
tients with poor risk characteristics in HMDS, HLA 
typing should be analysed. Allo-HCT should be con-
sidered in appropriate patients. Forty years is the cut-
off age for first-line HCT from a fully matched sibling 
donor in most centres. Today, improved treatment 
conditions and decreasing transplant-related morbid-
ity and mortality have raised the recommended age 
for transplantation. Although the cut-off age for HCT 
is shifting towards 50 years, a consensus has yet to 
emerge.

In our study, the median age at recipient transplan-
tation was 40 years, and seven patients were 40 or old-
er. The oldest patient was 55 years old. There was no 
correlation between the patient’s age and engraftment 
duration. Only the patient with secondary engraft-
ment failure was the oldest, and successful engraft-
ment was achieved in the second allo-HCT. No statis-
tically significant difference between patients under 
and over 40 regarding engraftment times was found. 
Therefore, the upper age limit of HCT from a fully 
matched sibling donor can be raised above 40 years 
for appropriate patients. For patients over 40 years of 
age with a fully HLA-matched sibling donor, patients 
with severe AA or high-risk HMDS with a low prob-
ability of response to IST can be transplanted in ex-
perienced transplantation centres if they do not have 
comorbidities and are willing for transplantation.

The risk of chronic GvHD increases with using 
Peripheral blood stem cells (PBSC) as a stem cell 
source. Therefore, bone marrow as a stem cell source 
is recommended for all patients with AA. PBSC are 
an alternative stem cell source when bone marrow cell 
collection is contraindicated, or the donor is unwill-
ing to donate bone marrow. Despite early engraftment 
with the use of PBSC, it has been shown that inferior 
results are obtained, especially in young patients.10 A 
study confirmed the survival advantage of bone mar-

row grafting in all age groups.11 Our study’s major 
stem cell source was bone marrow. Acute GvHD de-
veloped in 8.3% of the patients. The stem cell source 
was peripheral blood in this patient with acute GvHD. 
No patient developed chronic GvHD. Therefore, we 
reported relatively low GvHD rates compared to the 
literature.9-13 Although acute GvHD can be controlled 
in almost all cases and is associated with a very low 
risk of death, chronic GvHD remains a problem. Cu-
mulative incidences ranging from 0% to 44% have 
been reported when the marrow is used as a graft 
source.8,14-17 The incidence of chronic GvHD was 16% 
in patients in whom bone marrow grafts were limit-
ed to ≤ 2.5 × 108/kg nucleated cells.10 It was thought 
that the low rate of chronic GvHD in our study might 
be related to the low number of cells in the infused 
product.

Our cohort’s median time to neutrophil and plate-
let engraftment was within the range reported in the 
literature.12-14 The amount of CD34 positive cells in 
the infused product (106/kg) did not correlate with 
neutrophil and platelet > 20.000/mm3 engraftment 
time (days). However, there was a statistically sig-
nificant negative correlation between the number of 
CD34 positive cells in the infused product (106/kg) 
and platelet > 50.000/mm3 engraftments (days) (r = 
‒0.670, p = 0.024). In agreement with our results, a 
study conducted in allo-HCT patients suggests that 
low CD34+ cell counts in allografts may be associat-
ed with delayed platelet engraftment.18

Most of our study patients were red cell transfu-
sion-dependent before transplantation and had high 
ferritin levels. A significant positive correlation was 
found between ferritin elevation and platelet engraft-
ment times. Some studies have reported lower OS 
among patients with high pre-transplant ferritin lev-
els.19,20 This was not observed in our study cohort due 
to the small sample size.

A low stem cell dose is known to increase the risk 
of GF, and a bone marrow stem cell dose of at least 2 
× 106 CD34+ cells/kg is recommended.21 Fatal GF is 
frequently seen in 3-5% of patients with severe AA. 
The aetiology of GF includes previous immunosup-
pressive therapy, excessive transfusion, advanced age, 
viral infection, and drug effects. GF is a life-threat-
ening complication of HCT. Therapeutic strategies 
for GF include cytokine therapy, immunosuppressive 
therapy, donor leukocyte infusion (DLI), allogeneic 
PBSC, and second HCT.15 The median number of in-
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fused CD34+ cells in our study was 0.98 × 106/kg in 
bone marrow-derived products and 5.67 × 106/kg in 
PBCS. While primary GF was not observed in any 
of the patients, secondary GF was observed in one 
transplant whose stem cell source was PBCS. Similar-
ly, there were cases in the literature that were success-
fully treated for GF.13 

In our study, no fatal infection was observed in 
the post-transplant period. FEN developed in 41.6% 
of patients after transplantation. The median dura-
tion of FEN was +11th day of transplantation. There 
was no growth in the cultures of 3 of these patients, 
while gram-negative bacteria growth was observed 
in 2 patients. The incidence of CMV infection was 
50%. This rate was within the range reported in the 
literature.11,14 We also observed that CMV infection 
was significantly higher in patients transplanted after 
the COVID-19 pandemic (33% before and 67% after 
COVID-19).

The limitations of our study included the fact that 
it was a single-centre retrospective study and the 
number of patients was relatively small.

CONCLUSIONS

We concluded that allo-HCT should be considered 
first-line treatment in patients aged 40-50 with SAA 
who have HLA-matched sibling donors without co-
morbidities. Patients aged 40-50 years with a diagno-
sis of HMDS and high-risk characteristics should be 
evaluated for sibling HLA antigen compatibility, and 
transplant-eligible patients with fully matched sibling 
donors should be considered for Allo-HCT as first-
line treatment.
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