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S u m m a r y

Introduction. Hematopoietic stem cell transplantation (HSCT) is an important therapeutic method in hematology, oncol-
ogy and immunology.

Aim. The general overview of the results of HSCT in Bydgoszcz Transplant Center with respect to donor type.
Material and methods. Between 2003 to June 2013, a total number of 241 of hematopoietic stem cell transplantations 

were performed in Department of Pediatric Hematology and Oncology, Collegium Medicum, Bydgoszcz, including 130 al-
logeneic (51 family and 60 unrelated donors) and 111 autologous HSCT. In 20 patients, more than 1 transplantation was 
performed.

Results. A total of 143/221 (64.7%) patients were alive at the end of the follow-up. Among auto-HSCT patients 29/102 
(28.5%) has died due to disease relapse/progression (n = 25, i.e. 24.6%) or transplant-related complications (n = 4, i.e. 3.9%). 
TRM included transplant toxicity (n = 3) or infections (n = 1). Among allo-HSCT patients 49/119 (41.2%) has died due to dis-
ease relapse/progression (n = 19, i.e. 15.8%) or transplant-related complications (n = 30, i.e. 25%). TRM included infections 
(n = 18, i.e. 15%), GVHD (n = 7, i.e. 23.3%) or transplant toxicity (n = 5, i.e. 4.2%). The median follow-up of survivors esti-
mated by Kaplan-Meier method was 5.8 years. Probability of overall survival (pOS) for all patients was 0.61 ± 0.03. pOS after 
allo-HSCT was 0.56 ± 0.06, and after auto-HSCT was 0.65 ± 0.06. pOS after matched family donor HSCT was 0.66 ± 0.07 
and after alternative donor HSCT 0.48 ± 0.07. With respect to unrelated donors, pOS was 0.49 ± 0.09 for 10/10 HLA-matched 
donors (MUD-HSCT), 0.52 ± 0.11 for 9/10 HLA-matched donors and 0.20 ± 0.18 for 8/10 HLA-matched donors.

Conclusion. Disease relapse and infectious complications are the main cause of stem cell transplant failure.
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S t r e s z c z e n i e

Wstęp. Przeszczepienie hematopoetycznych komórek macierzystych (HSCT) jest ważną metodą terapeutyczną w hema-
tologii, onkologii i immunologii.

Cel. Celem pracy była analiza wyników HSCT w ośrodku bydgoskim z uwzględnieniem rodzaju dawcy.
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INTRODUCTION

Hematopoietic stem cell transplantations (HSCT) has 
become an established method as a treatment for re-
fractory blood diseases, with the aim of achieving long-
term survival. According to a report from Poltransplant 
(1), the total number of allogeneic transplantations per-
formed in Poland in 2012 had reached 449, including 
263 from unrelated donors (UD) and 186 from matched 
family donors (MFD), while the number of autologous-
HSCT reached 797 in this year. Department of Pediat-
ric Hematology and Oncology in Bydgoszcz has be-
gun HSCT as MFD-HSCT in 2003, and then auto-HSCT 
from 2004 and UD-HSCT from 2007 (2, 3).

AIM

The objective of the study was the analysis of results 
of autologous and allogeneic hematopoietic stem cell 
transplantations and analysis of factors contributing to 
transplant failure in 10-years experience of single pedi-
atric center.

MATERIAL AND METHODS

Patients

All consecutive patients undergoing HSCT in the 
Department of Pediatric Hematology and Oncology be-
tween 2003 and June 2013 were included into the study. 
The total number of transplants was 241, including 111 
auto-HSCT and 130 allo-HSCT. Among allogeneic trans-
plants, 53 were done from MFD and 77 from alternative 
donor (including 3 haploidentical donor transplants). 
The recipients of transplants were males in 150 (62%) 
transplants and females in 91 (38%) cases. The medi-
an age of transplant recipients was 11.9 years (range 
0.3-32 years). The source of hematopoietic stem cells 
was peripheral blood (PB) in 173 patients (71.8%), bone 
marrow (BM) in 65 patients (27.0%) and cord blood 
(CB) in 3 patients (1.2%). The median follow-up was 
1,7 years (range: 0.1-9.3 years). The primary diagno-

sis were: acute lymphoblastic leukemia (ALL, n = 51), 
acute myeloid leukemia (AML, n = 48), chronic myeloid 
leukemia (CML, n = 6), Hodgkin disease (HD, n = 23), 
non-Hodgkin lymphoma (NHL, n = 16), neuroblas-
toma (NBL, n = 31), bone marrow failure (BMF/SAA, 
n = 21), brain tumor (OUN, n = 11), Ewing tumor 
(EWING, n = 13), Wilms tumor (WT, n = 5), germinal 
tumors (GT, n = 5), soft tissue sarcomas (STS, n = 3), 
and primary immunodeficiency syndromes (PID, n = 3). 
In 145 (60.2%) cases transplant was performed in first 
remission, in 76 (31.5%) cases in second or incomplete 
remission, and in 20 (8.3%) cases in more advanced 
disease. Eighteen patients had multiple transplants, in-
cluding 16 patients who had 2 transplants and 2 patients 
who underwent 3 transplants, thus the total number of 
patients was 221.

Transplant procedures

Patients underwent HSCT according to proce-
dures described previously (3-6). Standard infectious 
prophylaxis were used (3-6). For GVHD prophylaxis, 
cyclosporine ± methotrexate were mainly used after 
transplants PB or BM, and cyclosporine + steroids af-
ter cord blood transplants.

End points
Overall survival (OS) was set as the primary end 

point. OS was defined as time from transplantation 
to death or last follow-up. Disease free survival (DFS) 
was defined as time from the transplantation to dis-
ease relapse, death during remission or last follow-up. 
Non-relapse mortality (NRM) was defined as a death 
not related to disease. Neutrophil recovery was defined 
as an absolute neutrophil count of at least 0.5 G/L for 
three consecutive days. Platelet recovery was defined 
as a count of at least 20 G/L without transfusion sup-
port for 7 days. Acute GVHD (aGVHD) was defined 
in accordance with standard criteria. Chronic GVHD 
(cGVHD) was evaluated in patients surviving for more 

Materiał i metody. Od roku 2003 do czerwca 2013 w Klinice Pediatrii, Hematologii i Onkologii w Collegium Medicum w 
Bydgoszczy wykonano 241 zabiegów HSCT, w tym 130 allogenicznych (53 zgodnych rodzinnych i 77 od dawców alterna-
tywnyc) oraz 111 autologiczne. U 20 pacjentów wykonano więcej niż jedną transplantację.

Wyniki. Ogółem 143/221 (64,7%) pacjentów żyło w dniu analizy. Spośród pacjentów po auto-HSCT, 29/102 (28,5%) 
zmarło z powodu nawrotu/progresji (n = 25, tj. 24,6%) lub z powikłań poprzeszczepowych (n = 4, tj. 3,9%), w tym toksycz-
ności (n = 3) lub powikłań infekcyjnych (n = 1). Spośród pacjentów po allo-HSCT, 49/119 (41,2%) zmarło z powodu nawro-
tu/progresji (n = 19, tj. 15,8%) lub z powikłań poprzeszczepowych (n = 30, tj. 25%), w tym powikłań infekcyjnych (n = 18, 
tj. 15%), GVHD (n = 7, tj. 23,3%) lub toksyczności (n = 5, tj. 4,2%). Średnie przeżycie po HSCT, wyznaczone metodą Ka-
plana-Meiera, wyniosło 5,8 lat. Całkowite prawdopodobieństwo przeżycia (pOS) wyniosło 0,61 ± 0,03. pOS po allo-HSCT 
wynosi 0,56 ± 0,06, a po auto-HSCT 0,65 ± 0,06. pOS po HSCT od zgodnego dawcy rodzinnego wynosi 0,66 ± 0,07, a od 
dawcy alternatywnego 0,49 ± 0,09. Wśród HSCT od dawców niespokrewnionych pOS wyniosło 0,49 ± 0,09 po przeszcze-
pach od dawców zgodnych 10/10 w HLA (MUD-HSCT), 0,52 ± 0,11 po przeszczepach od dawców zgodnych 9/10 w HLA 
oraz 0,20 ± 0,18 od dawców częściowo zgodnych 8/10 w HLA (MMUD-HSCT).

Wnioski. Nawroty choroby nowotworowej i powikłania infekcyjne są najczęstszymi przyczynami niepowodzeń po prze-
szczepieniu komórek krwiotwórczych.

Słowa kluczowe: terapia wysokodawkowa, komórki hematopoetyczne, przeszczepianie komórek macierzystych, dzieci
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than 100 days after allo-HCT and was classified into 
limited or extensive type.

Statistical analysis

Mean survival was determined by Kaplan-Meier 
method, with 95% confidence interval (CI). Unadjusted 
probability of overall survival (pOS), probability of DFS 
(pDFS) and probability of relapse (pR) were estimated 
using the Kaplan-Meier method and compared using 
the log-rank tests. Risk factor analysis was performed 
using the Cox model. All p-values were 2-tailed and 
considered statistically significant if the values were 
less than 0.05. All statistical analyses were performed 
using the SPSS21 software (SPSS Inc, Chicago, IL, 
USA).

RESULTS

Engraftment

Neutrophil engraftment was achieved in 232 (96.2%) 
of 241 transplants. The median time to neutrophil recov-
ery was 14 days (range, 7-34). In a total of 20 patients, a 
platelet count > 20 G/L was not reached. In the patients 
that achieved platelet counts of > 20 G/L, the median 
time to platelet engraftment was 14 days (range, 1-187). 
The cumulative probabilities of neutrophil and platelet re-
covery were 96.2 and 91.7%, respectively.

GVHD

In allo-HSCT patients, the cumulative probabili-
ties of aGVHD and cGVHD were 23.8 and 23.6%, 
respectively. Nineteen (14.6%) patients developed 
aGVHD grade II or higher, including 8 (6.1%) with 
grade III or IV, while 15/106 (14.2%) evaluable pa-
tients developed extensive cGVHD.

Mortality

A total of 143/221 (64.7%) patients were alive at 
the end of the follow-up. Among auto-HSCT patients 
73/102 (71.5%) were alive, while 29 has died due to 

disease relapse/progression (n = 25, i.e. 24.5%) or 
transplant-related complications (n = 4, i.e. 3.8%). TRM 
included transplant toxicity (n = 3) or infections (n = 1). 
Among allo-HSCT patients 70/119 (58.8%) were alive, 
while 49 has died due to disease relapse/progression 
(n = 19, i.e. 15.8%) or transplant-related complications 
(n = 30, i.e. 25%). TRM included infections (n = 18, 
i.e. 15%), GVHD (n = 7, i.e. 23.3%) or transplant tox-
icity (n = 5, i.e. 4.2%). Overall, 30-days survival was 
98 ± 1.4% after auto-HSCT and 95.8 ± 1.4% after al-
lo-HSCT; 100 days survival was 95 ± 2.2% after auto- 
-HSCT and 80.4 ± 3.7% after allo-HSCT; and 1-year 
survival was 80.9 ± 4.1% and 64.2 ± 4.5% after auto- 
-HSCT and allo-HSCT, respectively.

Probability of overall survival

The median follow-up of survivors estimat-
ed by Kaplan-Meier method was 5.8 years 
(95% CI = 5.2-6.5 years). Probability of overall survival 
(pOS) after all transplants was 0.61 ± 0.03 and it var-
ied with respect to initial diagnosis (tab. 1). pOS after 
allo-HSCT was 0.56 ± 0.06, and after auto-HSCT was 
0.65 ± 0.06 (p = 0.012) (fig. 1). pOS after matched 
family donor HSCT was 0.66 ± 0.07 and after alter-
native donor HSCT 0.48 ± 0.07 (p = 0.045). With re-
spect to alternative donors, pOS was 0.49 ± 0.09 for 
10/10 HLA-matched donors (MUD-HSCT), 0.52 ± 0.11 
for 9/10 HLA-matched donors and 0.20 ± 0.18 for 
8/10 HLA-matched donors (p = 0.381). For patients 
undergoing haploidentical HSCT, pOS = 0.66 ± 0.27.

DISCUSSION

There are 18 hematopoietic stem cell transplant cen-
ters in Poland. In 2012, allogeneic transplants from un-
related donors were being performed in 13 of them (1). 
Our unit has started work, with matched sibling donor 
HSCT in 2003.

With the number of 33-38 transplants performed 
each year from 2009, our center has become the sec-

Table 1. Results of HSCT with respect to diagnosis.

Diagnosis Patients Probability of overall survival Risk of relapse

Acute Lymphoblastic Leukemia 48 0.55 ± 0.07 0.35 ± 0.09

Acute Myeloid Leukemia 32 0.58 ± 0.09 0.51 ± 0.11

Chronic Myeloid Leukemia 6 0.67 ± 0.19 0.27 ± 0.21

Non-Hodgkin Lymphoma 16 1.0 ± 0.00 0.11 ± 0.10

Hodgkin Lymphoma 20 0.74 ± 0.10 0.52 ± 0.17

Bone Marrow Failure Syndromes 19 0.79 ± 0.09 –

Primary Immunodeficiency Syndromes 3 1.00 ± 0.00 –

Neuroblastoma 29 0.52 ± 0.13 0.54 ± 0.11

Ewing Sarcoma 14 0.49 ± 0.15 0.43 ± 0.17

Central Nervous System Tumors 13 0.28 ± 0.13 0.79 ± 0.13

Wilms Tumor 5 0.80 ± 0.18 0.20 ± 0.18

Germinal Tumors 5  1.0 ± 0.00 0.80 ± 0.18

Soft Tissue Sarcomas 11 0.33 ± 0.27 0.67 ± 0.27
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ond largest pediatric transplant center in Poland, and 
only in Wrocław the number of pediatric transplants 
is higher. Obviously, the transplant number is much 
higher in hematology center for adult patients. Nev-
ertheless, there are more autologous than allogeneic 
transplants performed for adults. The report from Pol-
transplant indicated however that Bydgoszcz trans-
plant unit is among leaders performing transplants 
from unrelated donors (1). Only four centers (Katowice, 
Wrocław, Poznań and Warszawa) had more unrelated 
donors transplants done in their large centers (1). Each 
of these centers has the number of transplants beds at 
least twice as much as in our center.

Nowadays, all types of hematopoietic stem cell 
transplantations are being performed in our depart-

ment: autologous and allogeneic, from matched family 
donors and from haploidentical donors, from matched 
and mismatched unrelated donors. All available stem 
cell sources were used for transplants in our center: 
peripheral blood, bone marrow and cord blood, both 
from national and international registries.

Current results of HSCT are mainly dependent on 
primary diagnosis, clinical stage or grade and previ-
ous therapy. The best results were obtained for pa-
tients with non-Hodgkin lymphoma, germinal tumors 
and non-malignant diseases, the worst for patients with 
central nervous tumors and soft tissue sarcomas. Ther-
apy failure was related to relapse, both after autologous 
and allogeneic transplants and infections complicating 
graft-versus-host disease after allogeneic transplants, 

Fig. 1. Results of hematopoietic stem cell transplantation. Probability of overall survival (pOS) after hematopoietic stem cell 
transplantation: (A) for all patients; (B) after auto-HSCT and after allo-HSCT; (C) after matched unrelated donor HSCT and 
after mismatched unrelated donor HSCT; (D) with respect to phase of the disease.
HAPLO – haploidentical; (M)MUD – (mis)matched unrelated donor; CR – complete remission; PR – partial remission
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especially in patients with leukemia. Nevertheless, 
presented results are comparable with those obtained 
by a large variety of European transplant centers, co-
operating within EBMT (European Group for Blood 
and Marrow Transplantation). Current improvement in 
HSCT outcome is dependent both on very good donor 
match and multidirectional and interdisciplinary sup-
portive care.

The Bydgoszcz center is well recognized in Eu-
rope (6-9). Two large international studies are coor-
dinated in out department: study on complications in 
pediatric donors and therapy of post-transplant lym-
phoproliferative disorder (7-8). New transplant and 
supportive care procedures have been introduced 
in the department (new grading of chronic GVHD, 
intravenous busulfan, keratinocyte growth factor 
use). The center actively participates in EBMT, as 
well as in Pediatric Diseases, Infectious Diseases, 
and Aplastic Anemia Working Parties, in interna-
tional project ECIL and cooperates with Columbia 
University in New York (6-10).

CONCLUSIONS
In summary, our department is the second larg-

est pediatric transplant center in Poland. The results 
of HSCT obtained in the center are comparable with 
those of other European transplant centers. Applica-
tion of transplants from unrelated donors in our cen-
ter in 2007 has enlarged therapeutic possibilities for 
our patients. No differences is seen in outcome after 
matched unrelated donor (10/10 match HLA) and un-
related donor with one HLA disparity (9/10 match HLA) 
hematopoietic stem cell transplantations. Disease re-
lapse and infectious complications are the main cause 
of stem cell transplant failure.
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