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Abstract

Introduction: Allogeneic haematopoietic stem cell transplantation (HSCT) is a well-established therapeutic 
option used in the treatment of malignant and non-malignant disorders. According to numerous studies, 
there is a correlation between donor sex or sex mismatching between donor and recipient and increased risk 
of graft-versus-host diseases.
Aim of the study: The aim of this study was to assess the impact of donor-recipient sex mismatching on the 
incidence of transplant-related complications in children undergoing allogeneic HSCT.
Material and methods: We conducted a retrospective study comparing the prevalence of transplant-related 
adverse events between female donor – female recipient, female donor – male recipient, male donor – male 
recipient, and male donor – female recipient groups. The study population included 198 patients from the de-
partment’s database, who underwent allogeneic HSCT between 2001 and 2018 in the Department of Paediatric 
Haematology, Oncology, and Transplantology in Lublin.
Results: No statistically significant differences in prevalence of transplant-related complications between the 
four groups were found in this study: acute graft-versus-host disease (p = 0.53), chronic graft-versus-host 
disease (p = 0.69), hepatic veno-occlusive disease (p = 0.41), renal failure (p = 0.81), bleeding (p = 0.51), cyto-
megaly virus infection (p = 0.41), Epstein-Barr infection (p = 0.29), and fungal infection (p = 0.31).
Conclusions: The study showed no correlation between sex mismatching and HSCT complication frequency 
in children. The results of this study suggest that the donor’s gender might not be a crucial factor in screening 
for potential donors in the paediatric population. Rising evidence of the lack of a direct impact of a donor’s 
gender on overall HSCT transplant outcomes and adverse events in the paediatric population might in future 
change the criteria we follow when looking for potential donors. In conclusion, there is a need for prospective 
observational studies, which could investigate the mechanisms of adverse events and multicentre retrospective 
studies, which would allow larger homogeneous populations to be gathered to further research the impact of 
donor’s demographics on allogeneic HSCT outcomes and complications.
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Introduction

Allogeneic haematopoietic stem cell transplantation 
(HSCT) is a well-established therapeutic option used in 
the treatment of many malignant and non-malignant dis-
orders [1]. Matched sibling donors (MSD) are considered 
ideal donors, while matched unrelated donors (MUD) 
and mismatched family donors (MMFD) are one of the 
risk factors increasing the incidence of transplant-relat-
ed complications. However, there are other factors that 
can increase the risk of post-transplant adverse events. 
According to numerous studies, there is a correlation 
between donor sex and increased risk of acute graft- 
versus-host diseases (aGvHD) or sex mismatching be-
tween donor and recipient and increased occurrence of 
chronic graft-versus-host disease (cGvHD) [2, 3]. The 
majority of those studies were conducted in adult pop-
ulations, thus the impact of donor sex remains elusive in 
the paediatric population.

The latest research in the field of transplantation has 
focused on minor histocompatibility antigens (MiHA), 
which were reported to drive allo-immune response in 
graft-versus-host disease (GvHD) [4]. H-Y antigen, which 
belongs to the MiHA family, encoded on the Y chromo-
some, was associated with greater risk of GvHD in male 
recipients with female donor [5], which would explain the 
previously observed impact of sex mismatching between 
donor and recipient on transplant success. Contrarily, 
some studies reported no connection between donor sex 
and a higher prevalence of adverse events [6]. 

The aim of this study was to assess the impact of do-
nor-recipient sex mismatching on the incidence of trans-
plant-related complications in children undergoing allo-
geneic HSCT. 

Material and methods

This was a retrospective study approved by the Ethi-
cal Committee of the Medical University of Lublin (KE-
0254/15/2019). Given the nature of the study, the require-
ment for obtaining informed consent from each patient 
was waived. 

The study population included 198 patients from the 
department database, who underwent allogeneic HSCT 
between 2001 and 2018 in the Department of Paediatric 
Haematology, Oncology, and Transplantology in Lublin, 
Poland. Reasons for needing allogenic transplant includ-
ed: acute lymphoblastic leukaemia – 34.4%; acute myeloid 
leukaemia – 18.3%; severe aplastic anaemia – 18.3%; se-
vere combined immunodeficiency syndrome – 8.9%; my-
elodysplastic syndrome – 7.8%; non-Hodgkin lymphoma 
– 3.9%; inborn errors of metabolism – 3.9%; and primary 
immunodeficiency disease – 3.9%.

The prophylaxis, diagnosis, and management of 
GvHD was provided according to the EBMT guidelines 
and centre procedures. The MSD patients received cyclo-
sporin alone or in combination with methotrexate. The 
MUD patients received anti-thymocyte globulin as T-cell 
depletion. MMFD patients received ex-vivo T-cell deplet-
ed grafts. 

Design for the study

Patients treated with HSCT were divided into four 
groups according to the gender of the donor: female 
donor – female recipient (F-F), female donor – male 
recipient (F-M), male donor – female recipient (M-F), 
and male donor – male recipient (M-M) groups. Patients 
characteristics are presented in Table 1. The median fol-
low-up was 12 months.

The endpoints of the study were the occurrence rates 
of complications and included: acute graft-versus-host 
disease, chronic graft-versus-host disease, hepatic veno- 
occlusive disease (VOD), renal failure, bleedings, cyto-
megaly virus infection (CMV), Epstein-Barr infection 
(EBV), and fungal infection.

Statistical analysis 

Statistic data was collected in Microsoft Excel spread-
sheets (Microsoft, Redmond, WA, USA). Descriptive 
statistics are presented as median, minimums, and max-
imums for continuous variables and number with fre-
quencies for categorical variables. Categorical variables 

Table 1. Study group demographics

Demographics F-F (n = 38)
n (%)

F-M (n = 43)
n (%)

M-F (n = 53)
n (%)

M-M (n = 64)
n (%)

Age*
PB
BM
MSD
MUD
MMFD
AB0 mismatch

9 (0–18)
12 (31.6)
26 (68.4)
14 (36.8)
21 (55.3)

3 (7.9)
18 (47.4)

8 (0–17)
7 (16.3)

36 (83.7)
22 (51.2)
18 (41.9)

3 (6.9)
19 (44.2)

9 (1–18)
17 (32.1)
36 (67.9)
18 (34)

30 (56.6)
5 (9.4)

25 (47.2)

9 (0–18)
15 (23.4)
49 (76.6)
20 (31.3)
35 (54.6)
9 (14.1)

30 (46.9)
F-F – female donor - female recipient, F-M – female donor - male recipient, M-F – male donor - female recipient, M-M – male donor - male recipient, * age is presented as the median value with minimum 
and maximum values in brackets, Other values presented as the number of patients in each group and the percentage of the entire group in brackets. Sources of stem cells: PB – peripheral blood, BM – bone 
marrow; AB0 mismatch included: minor, major, and bi-directional mismatch. MSD – matched sibling donor, MUD – matched unrelated donor, MMFD – mismatched family donor
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are presented as the number of patients in which the 
complication occurred and frequencies in percentages 
(in brackets) and were analysed using the χ2 test. All sta-
tistical calculations were performed using Statistica 13.3 
(StatSoft Inc., Tulsa, OK, USA).

Results

Figure 1 presents absolute risks of aGvHD. The X-ax-
is shows group populations: F-F, F-M, M-M, and M-F 
groups. Absolute risks are presented as frequencies in 
each group on the Y-axis. There were no statistically sig-
nificant differences in occurrence of aGvHD across the 
groups. The number of patients who developed aGvHD 
were as follows: F-F 8 (21.1%), F-M 10 (23.2%), M-M 21 
(31.2%), and M-F 17 (32.1%), p-value = 0.53.

Figure 2 presents absolute risks of cGvHD. The X-ax-
is shows group populations: F-F, F-M, M-M, and M-F 
groups. Absolute risks are presented as frequencies in each 
group on the Y-axis. The cGvHD occurred in: four (10.5%) 
patients in the F-F group, three (6.9%) patients in the F-M 
group, nine (14.1%) patients in the M-M group, and seven 
(13.2%) patients in the M-F group, p-value = 0.69.

Table 2 presents the occurrence, number of listed 
complications, and frequency in brackets in the F-F, F-M, 
M-M, and M-F groups. Values are number of patients in 

which the complication occurred and frequencies in per-
centages (in brackets). p-values were calculated using χ2 
analysis. No statistically significant differences were ob-
served across all four groups in the prevalence of infec-
tions, VOD, renal failure, or frequency of bleedings.

Discussion

The presented study showed no correlation between 
donors’ and recipients’ genders and frequency of HSCT 
complications in children. There were no statistically sig-
nificant differences in the prevalence of adverse events be-
tween all four groups, which corresponds with the findings 
of the latest study of 244 paediatric patients undergoing 
MSD HSCT, presented by Friedrich et al. in 2018 [7]. Ris-
ing evidence of lack of direct impact of sex-mismatching 
on overall HSCT transplant complications and outcomes 
in the paediatric population might in the future change the 
criteria we follow when looking for potential donors. 

Due to the reports suggesting that female donor and 
male recipient mismatching is an independent risk factor 
of development of aGvHD and cGvHD, the comparison 
of prevalence of aGvHD and cGvHD are presented sep-
arately in charts 1 and 2. The higher occurrence rate of 
GvHD in female donor - male recipient sex mismatch, 
which was reported several times [8–10], was not ob-

Figure 1. Occurrence of acute graft-versus-host disease in each 
group
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Figure 2. Occurrence of chronic graft-versus-host disease in each 
group
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Table 2. Infections, hepatic veno-occlusive disease, renal failure, bleeding 

Complication F-F (n = 38)
n (%)

F-M (n = 43)
n (%)

M-F (n = 53)
n (%)

M-M (n = 64)
n (%)

p-value

EBV infections 4 (10.5) 2 (4.7) 9 (17) 9 (14.1) 0.29

CMV infections 11 (28.9) 6 (14) 10 (18.9) 13 (20.3) 0.41

Fungal infections  9 (23.7) 2 (4.7) 5 (9.4) 12 (18.8) 0.31

VOD 7 (18.4) 4 (9.3) 4 (7.5) 7 (10.9) 0.41

Renal failure 7 (18.4) 5 (11.6) 8 (15.1) 8 (12.5) 0.81

Bleedings 2 (5.2) 2 (4.7) 5 (9.4) 2 (3.1) 0.51

F-F – female donor - female recipient, F-M – female donor - male recipient, M-F – male donor - female recipient, M-M – male donor - male recipient, EBV – Epstein-Barr virus, CMV – cytomegaly virus,  
VOD – hepatic veno-occlusive disease, p-values were calculated using χ2 analysis
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served. It might advocate that not gender, but potential 
autoimmunisation related to gender, for example, parous 
status of female donors, is the main factor in creating ad-
verse events, which was suggested in the past [11–13] and 
needs further investigations. Additionally, in our study 
none of the groups showed any statistically significant 
differences in occurrence of any researched complication. 

The results of this study suggest that the donor’s gen-
der might not be a crucial factor in screening for potential 
donors in the paediatric population. The donor’s gender 
could have an impact on transplant outcome and occur-
rence rate of adverse events in certain types of diseases 
or levels of matching; however, definitive answers require 
a study with a more homogenous population, which 
might not be feasible in single-centre studies. 

This study has numerous limitations. The retrospective 
nature of this study did not allow us to further investigate 
the mechanism of adverse events, including testing for 
MiHA in patients developing GvHD. We did not have the 
full demographic characteristics of all donors; therefore, 
the age, parous status, and previous medical history were 
not taken into account in the analysis. The study popula-
tion was not homogeneous. Patients received transplants 
from related and unrelated donors. Primary diseases var-
ied in study groups. The extended time of collected data 
between 2001 and 2018, which allowed the presentation 
of a larger study population, could have affected the re-
sults due to the change of guidelines and standard of care 
during that period. The source of stem cells was also not 
taken into account due to a relatively small group of pe-
ripheral blood patients, and peripheral blood transplant 
is considered an independent factor of development of 
cGvHD [14]; therefore, we cannot exclude the potential 
impact of the source of stem cells on our results. 

The data presented in this study provide valuable in-
sight on the paediatric HSCT population, which might 
differ from the adult HSCT population. Of note, the re-
search on this topic revealed a lack of definitive findings 
on the direct impact of the donor’s gender on transplant 
complication rates and outcome, especially in the paediat-
ric population, where evidence in even more insufficient.

Conclusions

In conclusion, there is a need for further research 
on the impact of the donor’s demographics on HSCT 
outcomes and adverse events, especially prospective ob-
servational studies, which would allow investigation of 
mechanisms of transplant-related complications, and 
multicentre retrospective studies that would support 
gathering larger and more homogeneous populations, as 
performed for multiple myeloma [15].
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