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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (Allo-HSCT) is the 
only curative treatment for many congenital and acquired, malignant 
and non-malignant diseases of the childhood period.1,2 Donor stem 
cell engraftment is a critical step in the success of Allo-HSCT.3 However, 
engraftment does not always result in a definite status and we may 
end up with mixed chimerism. Mixed chimerism is a state where both 
the recipient and donor hematopoietic stem cells coexist in the host’s 
bone marrow.4 Although malignancies require a full donor match 
(>95%), mixed chimerism may cure primary immunodeficiency and 
hemoglobinopathy.5,6 Therefore, chimerism success (CS) for malignant 

diseases requires >95% donor cells, while for non-malignant diseases, 
a donor cell ratio of over 70% can be accepted as success. Many factors 
affect survival but the chimerism status of the first 100 days is a useful 
parameter to predict survival.7 Understanding the factors and elements 
associated with CS in the first 100 days will help to improve overall 
survival (OS) in HSCT.8 Serial analysis of the patient’s chimerism levels 
at fixed time points and on suspicion of relapse or graft failure may be 
used to track engraftment levels, disease control, and relapse risk.9

With this study, we aimed to understand the factors affecting CS and 
event free survival (EFS) after Allo-HSCT in a mixed group of pediatric 
patients. 
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BACKGROUND/AIMS: Allogeneic hematopoietic stem cell transplantation (Allo-HSCT) is an important and usually the only curative clinical tool 
for treating pediatric patients with many hereditary and acquired diseases. Although complete donor stem cell engraftment is the desired result 
of Allo-HSCT, patients do not always have a definite engraftment and end up with mixed chimerism. Many factors both related to patient and 
transplantation can affect chimerism levels. Additionally, mixed chimerism levels may affect the event free survival (EFS) differently in distinct 
diseases. The major goals of this study were to determine the first 100-day donor chimerism ratios and to search for a relationship between 
donor chimerism success (CS) (for malignant diseases, hematopoietic donor chimerism >95%; for non-malignant diseases, >70%) and EFS for 
pediatric patients.

MATERIALS AND METHODS: We collected data from 95 pediatric patients who underwent Allo-HSCT between March, 2005 and April, 2010 at Ege 
University Hospital with at least one chimerism result obtained within the first 100 days.

RESULTS: After checking for all other factors, CS in the first 100 days increases the chance of post-transplant EFS by -3.04 (-4.00 to -2.08) [hazard 
ratio (HR): 0.05 (p<0.001)]. Neutrophil engraftment was the other factor which was positively correlated with EFS (HR p-value: 0.05)

CONCLUSION: There is a positive correlation between CS in the first 100 days and EFS for both malignant and non-malignant diseases.
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MATERIALS AND METHODS

We retrospectively reviewed pediatric patients who had undergone 
allogeneic HSCT transplantation at Ege University and had at least one 
chimerism result obtained within the first 100 days. The Ege University 
Ethics Committee approved this study which was executed according 
to the principles of the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards (approval number: 07-
5.1-14, date: 08.08.2007). Chimerism statuses were assayed from bone 
marrow for the first month and peripheral blood for the second and 
third months. We defined CS as >95% and >70% for malignant diseases 
and non-malignant diseases, respectively. We investigated associations 
between CS with patient demographics, indications for HSCT, donor/
graft, and post-transplantation factors. After DNA extraction was 
performed from samples, data about chimerism were collected using 
polymerase chain reaction (PCR) amplification of short tandem repeats 
of 15 polymorphic loci and one amelogenin with the AmpFlSTR® 
Identifiler® PCR Amplification Kit.

Statistical Analysis

For these collected nominal variables, univariate survival analysis was 
performed according to the Kaplan-Meier method and two-tailed log-
rank analysis was used to detect statistically significant differences.10 

Parameters with p-values of <0.1 were included in the multivariate 
survival analysis. The Cox proportional hazards model was used for both 
univariate and multivariate analysis for continuous parameters. Probit 
regression analysis was used to investigate the effective causes of the 
success of chimerism. As a result of the evaluation of all independent 
parameters in this study, statistically insignificant parameters were 
removed and the Probit model was repeated.11 Analyses were performed 
using Stata/SE 14.0.

RESULTS

In this retrospective study, we analyzed 95 pediatric patients who had 
undergone Allo-HSCT between March, 2005 and April, 2010 and had 
at least one chimerism result obtained within the first 100 days. The 
median age was 102 months and 58 (61.0%) were male. Leukemia 
(28%), thalassemia major (24%), and diseases associated with bone 
marrow failure (25%) were the most common reasons for undergoing 
HSCT. Most of the donors were matched sibling donors (Table 1). In 33 
cases (35%), transplantation was from women to men, and the stem 
cell source was predominantly peripheral blood (58%). In three patients 
(3.2%) with severe combined immune deficiency, no conditioning 
regimen was used. A myeloablative conditioning regimen was used in 
68.4% of patients, and non-myeloablative regimens were used in 28.4%. 

Table 1. Transplantation characteristics

 Char. Groups Patient number (n) % n Range

Donor and HLA match (*)

MSD 75 79

MRD 9 10

MMRD 5 5

MUD 6 6

Donor/recipient

sex

M M 25 26

F F 19 20

M F 17 18

F M 33 35

Stem cell source

Peripheral blood 55 58

Bone marrow 30 42

Cord blood 1 1

Bone marrow + cord blood 8 8

Conditioning

regimen

None 3 3

Myeloablative 65 68

Non-myeloablative 27 28

CD34 (+) cell count (x106/kg)

Median 5 0.2-44.4

GvHD

prophylaxis

CSA 30 32

CSA + MTX 57 60

CSA + MMF 1 1

No prophylaxis 7 7

WC engraftment

(ANS ≥500/mm3) 88 93

(A)GvHD
Grade 0-1 72 76

Grade 2-4 23 24

Disease
Relapsed 21 22

No relapsed 74 78

MSD: matched sibling donor, MRD: matched related donor, MMRD: mismatched related donor, MUD: matched unrelated donor, M: male, F: female, GvHD: graft versus host 
disease, CSA: cyclosporine, MTX: methotrexate, MMF: mycophenolate mofetil, WC: white blood cell, (A)GvHD: (acute) graft versus host disease.
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The median CD34+ cell count was 5x106 cells/kg (minimum: 0.27x106/
kg, maximum: 44.4x106/kg). For graft versus host disease (GvHD) 
prophylaxis, 31.6% of patients received cyclosporine (CSA) only. In 56.8% 
of patients, CSA was combined with methotrexate, and in one patient, 
CSA was combined with mycophenolate mofetil.

In 92.6% of patients, neutrophil engraftment was observed between the 
9th-36th (median 17th) days of HSCT. 24.2% of patients were diagnosed 
as having grade 2-4 acute GvHD. Veno-occlusive disease (VOD) was 
detected in eight patients (8.4%). 30.5% of patients either had a relapse 
of their primary disease or died of HSCT complications. 8.4% of patients 
died after SCT without relapse. In 22.1% of patients, primary disease 
relapse was detected, seven of whom died of disease relapse, the latest 

being at the 18th month of SCT. With a mean of 22 months of follow-up, 
the OS was 84.0% and even EFS was 69.5%.

We excluded four patients from the further analysis. Three of them were 
excluded from the analysis because they could not complete the first 
100 days after SCT and one patient was re-transplanted within the first 
100 days. Of these 91 patients, 77 (84.6%) had CS within the first 100 
days. The CS was 84.4% and 84.7% in patients with malignant and non-
malignant diseases, respectively.

We evaluated factors which affect EFS and our univariate analysis 
revealed that CS within the first 100 days, human leukocyte antigen 
(HLA) matched donors, the amount of CD34+ cells (over 5x106), and 
neutrophil engraftment were associated with EFS (Table 2). The patients’ 
age, sex, primary disease type of the conditioning regimen, stem cell 
source, and the existence of GvHD or VOD were found to be unrelated to 
EFS. Parameters with p-values <0.1 were evaluated using multivariate 
analysis (Table 3). In multivariate survival analysis, we found that CS 
within the first 100 days, neutrophil engraftment, and female to female 
SCT were found to be related to EFS.

Discussion

Allo-HSCT is the only curative treatment method in many congenital 
or acquired childhood diseases.12,13 Most of these diseases are acute 
leukemia and congenital diseases such as congenital bone marrow 
deficiencies (Fanconi anemia), hemoglobin synthesis defects (thalassemia 
major), congenital immunodeficiency, and some metabolic diseases 
(osteopetrosis), which are common in Turkey where consanguineous 
marriage is still widespread.1 The fact that the primary diseases of 
the patients included in this study were extremely heterogeneous, the 
primary diseases were either malignant or non-malignant, and the 
patients who received myeloablative or non-myeloablative treatment 
were in the same pool made the evaluation difficult.

In this study, due to the shorter follow-up period compared with similar 
studies, instead of evaluating increasing, decreasing, and stable mixed 
chimerism,13 CS within the first 100 days was evaluated as per Holtan 
et al.14. In the present study, 77 (84.6%) out of 91 patients achieved CS 
within the first 100 days, which is slightly higher than the findings of 
Ünal İnce et al.15 regarding T. Major patients transplanted between 1999-
2007 in Ankara, Turkey. Their rate was 84.4% in malignant diseases and 
84.7% in non-malignant diseases. Although this rate varies according to 
the type of primary disease (malignant, non-malignant) and the type of 
conditioning regimen used (myeloablative, non-myeloablative), it was 
found to be 64% in the study of Holtan et al.14.

Similar to the literature,16,17 in univariate analysis, HLA-matched donor 
selection had a positive effect on EFS. However, multivariate analysis 

Table 3. Multivariate analysis of parameters related with event free survival

Independent variables RR 95% CI HR HR p-value

First 100 days chimerism success -3.0432 (-4.0041 to -2.0824) 0.05 <0.001

Existing neutrophil engraftment -0.8010 (-1.5876 to -0.0143) 0.45 0.05

Female donor to female recipient -2.1620 (-4.5000 to 0.1761) 0.12 0.07

HLA matched donor -0.41 (-1.2684 to 0.4442) 0.66 0.28

CD34+ cell count over

≥5x106/kg
-0.12 (-1.1710 to 0.9216) 0.88 0.82

RR: risk ratio, CI: confidence interval, HR: hazard ratio.

Table 2. Relation between patient and HSCT characteristics and event-
free survival

Patient or SCT characteristics p-value

Sex

Male/female 0.86

Age 0.16

Primary disease

Malignant/non-malignant 0.24

Donor and HLA match

MSD/MRD/MMRD/MUD 0.01

Host and donor sex differences 0.06

Stem cell source

Peripheral blood, bone marrow, cord blood, bone marrow and 
cord blood

0.94

Conditioning regimen

Myeloablative/non-myeloablative-no conditioning 0.32

CD34 (+) cell count (median, x106/kg)

≥5/<5 0.05

Neutrophil engraftment 

Existing/absent <0.001

(A)GvHD

Existing/absent 0.27

VOD

Existing/absent 0.32

First 100 days chimerism success

Existing/absent <0.001

HSCT: hematopoietic stem cell transplantation, SCT: stem cell transplantation, HLA: 
human leukocyte antigen, MSD: matched sibling donor, MRD: matched related donor, 
MMRD: mismatched related donor, MUD: matched unrelated donor, (A)GvHD: (acute) 
graft versus host disease, VOD: veno occlusive disease.
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showed no statistically meaningful effect. Again, in multivariate 
analysis, no difference was found when the donor’s HLA-matched sibling 
was compared with other donor types. We think that no statistically 
significant results were obtained in the multivariate analysis due to 
the low number of transplants from unrelated donors in our patient 
group and the lack of long-term follow-up of these patients. It should 
be noted that in the study published by Holtan et al.14 in 2010, donor 
type and HLA match were also found to have no positive effect on EFS. 
Contrary to the literature, in our study, CD34+ cell counts above the 
median value had no statistically significant effect on survival.18

Unlike the literature, in our study, the gender relationship between the 
donor and recipient was found to be associated with EFS.19 Randolph et 
al.20 showed that male recipients of female transplants had the lowest 
risk for relapse and the greatest odds for GVHD, however in our study, 
it was observed that female-to-female transplants had a positive effect 
on survival compared with the other groups. Regardless of all other 
parameters, the realization of neutrophil engraftment in the recipient 
positively affected EFS.

It was observed that the most important factor which affected EFS was 
CS within the first 100 days. The risk of recurrence and death decreased 
with CS within the first 100 days [hazard ratio: 0.05 (p<0.001)]. In 
previous studies on hematologic malignancies, 95% and above donor 
chimerism was shown to have a positive effect on EFS.21 Our study 
suggests that donor chimerism of 70% or higher within the first 100 days 
may also have a positive effect on survival in non-malignant diseases.

Study Limitations

The low number of patients and the shortness of the follow-up period 
were the major limitations of this study. With more patients, longer 
follow-up and more chimerism results, we would be able to understand 
more about the relationship between chimerism and disease relapse 
in malignancy, and graft loss in non-malignant diseases. Although 
a significant amount of time has passed since the time of our study, 
the effects of chimerism on EFS have still not been clarified in the 
literature.22

CONCLUSION

The success of chimerism was found satisfactory in this heterogeneous 
patient group and CS within the first 100 days was the most important 
predictor of EFS.

MAIN POINTS

-  In a heterogeneous group of pediatric Allo-HSCT patients, Chimerism 
Success within the first 100 days was the most important predictor of 
EFS.
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