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Reduced-intensity conditioning (RIC) is widely used for allogeneic stem cell transplantation (SCT). Here we present our 
long-term experience with RIC regimen consisting of fludarabine (30 mg/m2/day on days -10 to -5), busulfan (4mg/kg/day 
on days -6 and -5) and antithymocyte globulin (ATG Fresenius, 10 mg/kg/day on days -4 to -1) (Flu-Bu-ATG) in a cohort 
of 71 patients with various hematological malignancies including chronic myeloid leukemia (24 patients), acute myeloid 
leukemia (19 patients), lymphoma (20 patients), multiple myeloma (3 patients), myelodysplastic syndrome (3 patients), and 
myelofibrosis (2 patients). The median age was 50 years.

The overall response rate was 87%, including 83% CR and 4% PR. The incidence of acute and chronic GVHD was 35%
and 52% and the cumulative incidence of non-relapse mortality at 1 year and 4 years was 8% and 14%. With the median fol-
low-up of 55.0 months, the 2- and 4-year event-free survival (EFS) was 49.0% and 40.3%, and the overall survival (OS) was 
73.2% and 62.6%, respectively. Gender, age at SCT, type of donor, disease status at SCT, previous autologous transplantation, 
and complete chimerism by day +100 did not significantly influence EFS and OS. In a multivariate analysis, no presence of
chronic GVHD (p=0.029, HR: 2.5),and diagnosis other than CML (p=0.018, HR: 4.6), and CD34+ dose < 5x106/kg (p=0.010, 
HR: 2.8) were significant predictors of poor OS.

Flu-Bu-ATG protocol is a RIC regimen that combines effective disease control with low non-relapse mortality and ac-
ceptable toxicity profile.
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Allogeneic hematopoietic stem cell transplantation is 
a potentially curative option for a wide variety of malignant and 
nonmalignant diseases. However, relapses remain a significant
problem, especially if the procedure is carried out in advanced 
stages of malignant disease [1]. Attemps to increase the intensity 
of conditioning have reduced the relapse rate but augmented 
the toxicity of the procedure [2]. One reason for the failure of 
this strategy is that clinically achievable radiation doses are 
not able to kill all residual leukemic cells [3]. Immunity-based 
approach has proved more successful and studies showing that 
transplanted immune cells can eliminate cancer cells eventually 
led to the introduction of donor lymphocyte infusion (DLI) [4-
6]. Better understanding of graft-versus-tumor biology finally
enabled the development of reduced-intensity conditioning 
(RIC) in the late 1990s [7-9]. Unlike traditional myeloablative 

conditioning regimens, RIC is primarily immunosuppressive 
and depends on the graft to eradicate cancer.

Many RIC regimens have been published recently [10-11]. 
They include low- or intermediate-dose total body irradiation
or chemotherapy, both with or without T-cell depletion. RIC 
regimens have rarely been compared in prospective clinical 
trials and the evidence for their use is usually based on retro-
spective studies or registry-based data [12-14]. However, there 
are some indications that clinically significant differences might
exist between different RIC regimens. In addition, efficacy and
toxicity data are available only for a few RIC regimens [15-17]. 
Fludarabine, busulfan, and antithymocyte globulin (Flu-Bu-
ATG) regimen was first published in 1998 [8] and is one of the
most popular RIC regimens [10. 13]. Surprisingly, comprehen-
sive studies on its long-term efficacy and toxicity are lacking.
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In this report, we present a detailed analysis of mature 
data on 71 patients treated with this protocol, focusing on 
acute toxicity, chimerism, opportunistic infections, GVHD, 
relapse rate, long-term disease control, and survivorship 
issues. 

Patients and methods

Patients. The cohort included 71 patients (median age 50
years; range 15-65 years) with various hematological malignan-
cies who received allogeneic stem cell transplantation (SCT) 
using RIC with Flu-Bu-ATG conditioning from 1998 to 2008. 
All patients were treated at the Department of Internal Medi-
cine, Hematology and Oncology, University Hospital Brno for 
malignant hematological diseases including chronic myeloid 
leukemia (CML, n = 24), acute myeloid leukemia (AML, n =19), 
non-Hodgkin’s lymphoma (NHL, n = 17), Hodgkin’s lymphoma 
(HL, n = 3), multiple myeloma (MM, n = 3), myelodysplastic 
syndrome (MDS, n = 3), and myelofibrosis (n = 2).

At the time of SCT, many of the patients (49%, n = 35) 
were in advanced stages of the underlying disease, defined
as primary treatment-refractory disease, relapsing disease 
greater than or equal to CR2/CP2, or untreated disease. Early 
disease was defined as CR1/CP1 [18] and was present in 51%
of patients (n = 36).

The reasons for performing RIC SCT rather that conven-
tional myeloablative SCT were as follows: age > 50 years old (40 
cases, 56%), presence of significant comorbidities (12 cases),
extensive previous therapy such as failed autologous SCT (12 
cases), and patient’s choice after an extensive explanation of
the differences between RIC and myeloablative SCT (7 cases).
Exclusion criteria for RIC SCT were infection with human 
immunodeficiency virus, active hepatitis B or C, severe im-
pairment of renal, cardiac or hepatic function, and Karnofsky 
performance status lower than 60%. All patients signed an 
informed consent before commencing treatment.

The median interval from diagnosis to transplant was 201
days (range 61-4520). The patients received peripheral blood
stem cells (PBSC) (n = 68) or bone marrow (n = 3) from 
matched related (n = 65), matched unrelated (n = 3), or minor 
HLA-mismatched unrelated (n= 3) donors. Baseline character-
istics of the patients are summarized in Tables 1 and 2.

Conditioning regimen, and graft-versus-host disease
(GVHD) prophylaxis and management. The conditioning
regimen consisted of intravenous fludarabine 30 mg/m2/day on 
days -10 to -5, oral busulfan (4 mg/kg/day) for two consecutive 
days (-6 and -5), and ATG Fresenius at 10 mg/kg/day for four 
consecutive days (-4 to -1) as published previously[8,19].

Cyclosporin A (CsA) (n = 65) or CsA plus mycophenolate 
mofetil (n = 6) were used for graft-versus-host disease prophy-
laxis. CsA was tapered from the second or third month after
transplantation taking into account the chimerism [20], disease 
status, and any evidence of GVHD. Supportive care, antimi-
crobial prophylaxis and treatment of infections were guided 
by standard good clinical practice procedures. Acute GVHD 

was assessed using the criteria developed by Przepiorka [21]. 
Chronic GVHD was defined as GVHD occuring at day +100
or later and graded as none, limited, or extensive [22]. 

Acute GVHD was initially treated with corticosteroids 
(prednisone 2 mg/kg/day). In non-responsive cases, pulse 
cyclophosphamide, ATG, mycophenolate mofetil, or other 
second-line treatment was administered. Chronic GVHD 

Table 1. Underlying hematological malignancies in the cohort of 71 
patients 

Diagnosis Number
CML 24

CP1 21
AP or CP2 3

AML 19
CR1 15
CR2 or greater 2
Relapsed/refractory 2

MDS Other MDS than RA/RARS 3
CLL All relapsed/refractory/PR 8
Myeloma All relapsed/refractory/PR 3
NHL 9

CR2 3
Relapsed/refractory/PR 6

HL All relapsed/refractory/PR 3
Myelofibrosis Refractory/untreated 2

Table 2. Characteristics of patients and stem cell grafts

Parameter Total number

Patients 71
Male 48
Female 23
Median age in years, range 50, (15-65)

Status of disease at 
transplant

Early (CR1/CP1) 38
Advanced (≥ CR2/relapse/refractory) 33

Donor type
Related, fully matched 65
Unrelated, fully matched 3
Unrelated, minor HLA-mismatched 3

Donor sex match
Patient male/donor female 20
Patient female/donor male 15
Match 36

CMV status
Patient neg/donor neg 8
Patient pos/donor neg 13
Patient neg/donor pos 7
Patient pos/donor pos 43

Donor age Median age in years, range 49, (20-73)
GVHD prophylaxis CsA alone 65

CsA plus MMF 6
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was managed by CsA with or without corticosteroids and/or 
mycophenolate mofetil [23].

Chimerism analysis and quantification were performed on
peripheral blood samples before transplantation and in regular 
intervals after SCT.

Statistical analysis. Data were analyzed as of September 30, 
2010. Overall survival (OS) was calculated as time from trans-
plantation until death from any cause. Event-free survival (EFS) 
was defined as time from transplantation to relapse or death
from any cause. Any patients dying without evidence of relapse 
or progression were considered as cases of non-relapse mortality 
(NRM). The correlation between the infused dose of CD34+
cells and time to engraftment of neutrophils and platelets was
assessed by Pearson and Spearman correlation coefficients.

The Kaplan-Meier method was used to estimate EFS and
OS probabilities and differences between subgroups were
compared by the log-rank test. All statistical tests were two-
sided and performed at the 5% significance level. Multivariate
analysis was performed for significant univariate variables
using Cox regression modeling.

Results 

Hematopoietic recovery, transplant-related toxicity, and 
chimerism. The median dose of infused CD34+ cells was 6.59
x 106/kg (range: 1.62-28.78 x 106/kg). The median time to
platelet recovery (>20 x 109/l) was 13 days (range: 8-27 days), 
while the neutrophil engraftment (>0.5 x 109/l) occurred 
after a median of 16 days (range: 9-28 days). Engraftment
was achieved in 69 patients (97%). Two patients died before 
engraftment could have occurred of lung hemorrhage and
fulminant progression of malignancy on days +2 and +15, 
respectively. Three secondary graft failures were observed and
treated with autologous PBSC graft to reconstitute hematopoi-
esis. We observed a statistically significant association between
the quantity of infused CD34+ cells and engraftment of neu-
trophils (p = 0.003) as well as that of platelets (p < 0.001).

The conditioning regimen was well tolerated. Grade 4 non-
hematological toxicity was observed in one patient case only 
(pulmonary toxicity). Grade 3 non-hematological toxicity 
was observed in 6 cases (mucositis = 1, cardiac toxicity = 1, 
gastrointestinal and liver toxicity = 2, pulmonary toxicity = 
2). The most frequent non-hematological grade 1/2 toxicities

were mucositis (43 cases), gastrointestinal toxicity (20 cases), 
liver toxicity (22 cases), and renal toxicity (15 cases).

The mortality to day +100 was 10% (7/71 patients). The
causes of death were sepsis (1 patient), hemorrhage (1 pa-
tient), GvHD (1 patient), and the progression of underlying 
malignancy (4 patients).

Complete chimerism was achieved by 19 (27%), 23 (32%), 
and 31 (44%) of patients on days +30, +60, and +100, respec-
tively. Complete donor chimerism was observed in 57 (80%) 
patients after a median interval of 118 days after SCT.

Disease response and survival. Of 69 patients who 
achieved hematopoietic recovery after RIC SCT, complete
remission of underlying disease was observed in 57 patients 
(83%). Three additional patients attained partial remission,
and the overall response rate was 87% (60/69).

Stable disease was present in two patients (3%), and pro-
gression of disease occurred in seven patients (10%). The
cumulative incidence of NRM was 4%, 8%, 10%, and 14% after
100 days, 1 year, 2 years, and 4 years, respectively.

After the median follow-up of 55.0 months from SCT, forty
(56%) patients were alive and disease-free and four (6%) patients 
were alive with progression or relapse of disease. Seventeen 
(24%) patients died of progression of their hematological ma-
lignancy and 10 (14%) patients died as a result of NRM. The
causes of death after SCT are summarized in Table 3.

In total, in thirty-two (46%) patients occured progression 
or relapse after SCT (AML = 13, CML = 9, other diagnoses =
10). Next remission after relapse treatment was achieved in 12
patients (AML = 2, CML = 8, other diagnoses = 2).

The median EFS from transplant was 23.0 months. Median
OS had not been reached by the data cut-off date with the
median follow-up 55.0 months (Figure1). The entire study
cohort had 1-, 2-, and 4-year overall survival rates of 74.7%, 
73.2% and 62.6%, respectively. EFS rates at these time points 
were 63.4%, 49.0% and 40.3%, respectively.

Univariate and multivariate analysis of factors associated 
with EFS and OS. 

Results of univariate analysis are summarized in Table 4. 
Gender, age at SCT, type of donor, disease status at SCT, previ-
ous autologous transplantation, or achievement of complete 
chimerism by day +100 did not have significant impact on EFS
or OS in our group of patients. 

When comparing EFS and OS for AML patients versus oth-
ers, patients with AML had significantly shorter OS (median
OS 46.0 months versus not yet reached, p = 0.023), but there 
was no significant difference in EFS (median EFS 21.4 months
versus 27.7 months, p = 0.301). EFS and OS for AML patients 
are shown in Figure 2.

The patients with CML had significantly longer OS than those
with other diagnoses (median not yet been achieved versus 
49.0 months, p = 0.002). Median EFS for CML patients was 
45.4 months and median EFS for non-CML patients was 20.9 
months. There was a trend to longer EFS in CML patients, but
the difference was not statistically significant (p = 0.112). Event-
free survival and OS for CML patients is shown in Figure 3.

Table 3. Causes of mortality after SCT

All patients, n = 71

Total deaths 27 
Relapses 17
NRM 10
Infection 5
GVHD 3
Hemorrhage 1
Other 1
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Table 4. Impact of selected variables on EFS and OS: univariate analysis 

EFS 
(P value)

OS 
(P value)

Gender (male versus female) 0.672 0.270
Age at SCT (over 50 versus others) 0.347 0.444
Age at SCT (over 55 versus others) 0.808 0.870
Type of donor (related versus unrelated) 0.174 0.175
Disease status at SCT (early versus advanced) 0.549 0.489 
Type of diagnosis (AML versus others) 0.301 0.023
Type of diagnosis (CML versus others) 0.112 0.002
Achievement of complete chimerism on day +100 (yes versus no) 0.854 0.384
Previous autologous transplantation (yes versus no) 0.325 0.196
Presence of acute GVHD (yes versus no) 0.131 0.124
Presence of chronic GVHD (yes versus no) 0.035 0.003
CD34+ cell dose: ≥ 5x106/kg versus < 5x106/kg 0.123 0.002

Figure 1. EFS and OS in a cohort of 71 patients treated with Flu-Bu-ATG and SCT

Figure 2. EFS and OS in 19 AML patients
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No statistically significant differences in EFS or OS between
aGVHD and non-aGVHD group were detected (p = 0.131 and 
p = 0.124, respectively). 

The presence of chronic GVHD was associated with sig-
nificant prolongation of both EFS and OS. Median EFS for

cGVHD patients has not yet been reached, while median 
EFS for non-cGVHD patients was 23.2 months (p = 0.035). 
Similarly, median OS for cGVHD cases has not been reached, 
contrasting with median OS of 49.3 months for non-cGVHD 
patients (p = 0.003, Figure 4).

The presence of complete chimerism on days +30, +60 and
+100 had no significant impact on EFS or OS.

Patients with infused CD34(+) cells ≥ 5x106/kg had signifi-
cantly longer OS than those with CD34(+) cell dose < 5x106/kg 
(median not reached versus 33.3 months, p = 0.002). Differ-
ences in EFS were not statistically significant (p = 0.123).

Results of multivariate analysis are shown in Table 5. The
following factors were associated with significantly shorter

Figure 4. Impact of chronic GvHD on overall survival after SCT

Figure 3. EFS and OS in 24 CML patients

Table 5. Multivariate analysis of factors associated with mortality after
RIC SCT

Parameter P value Hazard ratio 95% CI

No presence of chronic GVHD 0.029 2.5 1.2-5.9
Diagnosis other than CML 0.018 4.6 1.3-16.4
Dose of CD34+ cells < 5x106/kg 0.010 2.8 1.3-6.1
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overall survival according to the multivariate analysis: ab-
sence of chronic GVHD, diagnosis other than CML, and 
dose of CD34(+) cells < 5x106/kg. No statistically signifi-
cant factors infuencing EFS were identified by multivariate
analysis.

GVHD and infections. The occurrence and clinical course
of acute GVHD (aGVHD) was evaluated in 69 patients. The
incidence of aGVHD was 35% (24 patients), with grades I+II 
and III+IV occurring in 20 patients (29%), and four patients 
(6%), respectively. Chronic GVHD (cGVHD) developed in 33 
(52%) of 64 patients with evaluable data. Of these , twenty-five
had limited cGVHD (39%) and eight patients had extensive 
cGVHD (13%). Extensive chronic GVHD often leads to poor
quality of life, especially in long-term SCT survivors. Of eight 
patients with extensive cGVHD, three patients died (two 
of GVHD, one of progression of underlying hematological 
malignancy) and five are alive including three with complete
and two with partial resolution of their GVHD and Karnof-
sky performance status of 80% or higher. Three patients with
steroid-refractory GVHD did not responded to any GVHD 
treatment and died. In all other cases, treatment of GVHD 
was successful.

Infectious complications by day +100 occurred in 50 pa-
tients (70%), in some even repeatedly. Febrile neutropenia was 
diagnosed in 32 (45%) patients with the median duration of 
2 days (range 1-15). In all cases, febrile neutropenia resolved 
after antimicrobial therapy and appropriate supportive
measures. PCR-CMV reactivation was observed in 17 (24%) 
patients, all of whom were successfully treated with ganciclo-
vir. Other infectious complications included sepsis (10 cases), 
bronchopneumonia (7 cases), and macroscopic hematuria 
with BK virus positivity in the urine (2 cases occurring during 
immunosuppressive therapy for GVHD). By day +100, only 
one patient died of sepsis with multiorgan failure. All other 
infectious episodes resolved after antimicrobial therapy.

After day +100 after SCT, no infections occurred in 29 of 64
evaluable patients (45%). Thirty-five (55%) had various infec-
tious complications after day +100, in some cases repeatedly.
These included pneumonia (7 cases), CNS toxoplasmosis (1
case), herpes zoster infection (8 cases), bronchitis (15 cases), 
meningitis (1 case), and sepsis (8 cases). Four patients died 
of sepsis with multiorgan failure after day +100 after SCT (2
patients with coincident relapse of underlying malignant dis-
ease and 2 patients with coincident GvHD); all other infectious 
episodes resolved after antimicrobial therapy.

Discussion

In this report, we describe a cohort of 71 patients with vari-
ous hematological malignancies who underwent allogeneic 
SCT with Flu-Bu-ATG conditioning. Encouraging results 
with acceptable toxicity profiles and reduction of NRM [8,19]
have been reported for Flu-Bu-ATG-based allogeneic SCT, 
predominantly in CML patients. We confirm these findings
as the toxicity of Flu-Bu-ATG regimen was low in our cohort 

of patients. NRM by day +100 was 4%, non-hematological 
toxicities grade 3+4 were observed in seven patients (10%), 
and only one death occurred due to acute organ toxicity.

Some authors have reported that infections are a frequent 
and serious complication after RIC SCT [24,25]. On the other
hand, it has also been published that RIC reduces the risk of 
severe infections after SCT compared to myeloablative SCT
[26,27]. In our cohort of patients, the incidence of infections 
was 70% by day +100 (50/71 patients) and 55% after day +100
(35/64) and we observed 5 deaths due to serious infections (7%, 
5/71). According to our findings, infections remain a frequent
complication after RIC SCT but infection-related mortality is
relatively low. 

The influence of graft parameters on the outcome of RIC
SCT remains controversial. Some authors have reported that 
CD34(+) cell dose is associated with survival [28], but oth-
ers have not confirmed this hypothesis [29]. In our cohort of
patients, CD 34(+) cell dose over 5x106/kg was associated with 
significantly longer survival. This observation merits further
investigation.

Although the Flu-Bu-ATG regimen has been widely used 
[30-32] the dose and type of ATG was variable and the median 
follow-up from SCT was relatively short in most studies, rang-
ing from 21 to 37 months [30,31]. Furthermore, various RIC 
regimens were often analyzed together [13,30,31].

In our hands, this protocol results in high CR rates with 
acceptable toxicity even in older patients, heavily pretreated 
patients, and patients with comorbidities. 

The overall response rate was 87% and conditioning with
Flu-Bu-ATG was effective also in the presence of advanced
disease. We did not observe significant differences in EFS and
OS between groups with early versus advanced disease in our 
cohort of patients, despite the fact that advanced disease was 
identified as negative prognostic factor in some RIC trials
[13,30]. It must be pointed out, however, that treatment op-
tions in patients with advanced disease are limited and SCT 
may improve their prognosis [18]. 

Source, dose and timing of ATG may also significantly
influence the final outcome of allogeneic transplantation [33].
We have used ATG Fresenius at the dose of 10mg/kg/day as 
published previously [8,19]. In a study of 465 patients treated 
with RIC with fludarabine, busulfan and rabbit ATG (Thymo-
globuline) conditioning, doses of ATG exceeding 10 mg/kg 
were associated with decreased EFS and OS [30]. Improved 
non-relapse mortality and infection rate with lower doses of 
ATG in patients undergoing RIC-SCT has been reported by 
Hamadani [32]. According to Finke et al [34], the addition of 
ATG to GVHD prophylaxis resulted in decreased incidence 
of acute and chronic GVHD without increase in relapse rate, 
non-relapse mortality, or overall mortality. 

A high proportion of our patients achieved complete chi-
merism (80% of patients) and the incidence of graft failure was
relatively low (3/71, 4%). Chimerism assessment early after
SCT might help identify patients at risk for graft rejection,
GVHD and relapse/progression [35]. However, no association 
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has been found between early complete chimerism and the 
occurence of aGVHD or disease progression after SCT [36]. In
agreement with this report, we have observed no association 
between complete chimerism and EFS or OS.

GVHD remains a significant problem after allogeneic SCT
and is one of the major causes of SCT-related morbidity and 
mortality [10,19]. The incidence of aGVHD and cGVHD in
our group of patients was similar to that seen in other pub-
lished RIC SCT trials[13,19]. The majority of our patients had
mild forms of GVHD. Chronic GVHD has been identified as
a major factor associated with low relapse rate and improved 
EFS and OS [ 38]. Accordingly, our patients with cGVHD 
had significantly longer EFS and OS compared to patients
without cGVHD. 

In our study as in most other reports on RIC SCT [37,38] 
relapse was the main cause of treatment failure, with 32/69 
(46%) patients experiencing progression or relapse after 
SCT after a median follow-up of 55 months. Patients with 
AML (19/71 patients in our cohort, 27%) had the worst 
outcome after SCT with Flu-Bu-ATG and 13 (68%) re-
lapsed or progressed. Representative clinical trials using 
fludarabine and busulfan in similar patients with myeloid 
malignancies have reported 2-year EFS of 43% to 49% and 
2-year OS of 47% to 49%.37 On the other hand conventional 
chemotherapy results in 3-year OS of 18% for standard risk 
AML.39 RIC SCT could potentially improve these treatment 
results and prolong survival and is feasible even for older 
patients [18,37,39].

A significant proportion of our cases had CML (24/71,
34%). A similar protocol although with lower ATG dose in 
some patients was used by Or et al [19] in 24 CML patients 
achieving excellent results with disease-free survival of 85% 
at 5 years. Our CML patients had the median EFS of 45.4 
months and the median OS has not yet been reached. Nine 
CML patients of 24 (37%) relapsed after RIC-SCT but a next
molecular remission after DLI or/and imatinib was achieved
in eight of them. 

In conclusion, the Flu-Bu-ATG protocol is a RIC regimen 
that combines effective disease control with low non-relapse
mortality and acceptable toxicity profile. This protocol is
a feasible option even for older or pretreated patients and those 
with significant comorbidities. Nevertheless, relapses do occur
after Flu-Bu-ATG regimen, especially in patients with AML. In
our group of patients, favorable overall survival was associated 
with the diagnosis of CML, dose of CD34(+) cells exceeding 
5x106/kg, and the occurrence of chronic GVHD.

Acknowledgements. This work was supported in part by The
CzEch Leukemia Study Group for Life, CELL, and Research Grant 
MSM 0021622430.

References

[1] COPELAN EA. Hematopoietic stem-cell transplantation. N Engl 
J Med 2006; 354: 1813-1826. doi:10.1056/NEJMra052638

[2] CLIFT RA, BUCKNER CD, APPELBAUM FR, BEARMAN 
SI, PETERSEN FB et al. Allogeneic marrow transplantation 
in patients with acute myeloid leukemia in first remission:
a randomized trial of two irradiation regimens. Blood 1990; 
76: 1876-1871.

[3] BURCHENAL JH, OETTGEN HF, HOLMBERG EA, HEMP-
HILL SC, REPPERT JA. Effect of total body irradiation on the
transplantability of mouse leukemias. Cancer Res 1960; 20: 
425-430.

[4] BARNES DW, CORP MJ, LOUTIT JF, NEAL FE. Treatment of 
murine leukaemia with X rays and homologous bone marrow. 
Brit Med J 1956; 15: 626-627.

[5] WEIDEN PL, FLOURNOY N, THOMAS ED, PRENTICE R, 
FEFER A et al. Antileukemic effect of graft-versus-host disease
in human recipients of allogeneic marrow grafts. N Engl J Med
1979; 300: 1068-1073. doi:10.1056/NEJM197905103001902

[6] KOLB HJ, MITTERMÜLLER J, CLEMM C, HOLLER E, 
LEDDEROSE G et al. Donor leukocyte transfusions for treat-
ment of recurrent chronic myelogenous leukemia in marrow 
transplant patients. Blood 1990; 76: 2462-2465.

[7] GIRALT S, ESTEY E, ALBITAR M, VAN BESIEN K, RON-
DON G et al. Engraftment of allogeneic hematopoietic
progenitor cells with purine analog-containing chemotherapy: 
harnessing graft-versus-leukemia without myeloablative
therapy. Blood 1997; 89: 4531-4536.

[8] SLAVIN S, NAGLER A, NAPARSTEK E et al. Nonmyeloabla-
tive stem cell transplantation and cell therapy as an alternative 
to conventional bone marrow transplantation with lethal cy-
toreduction for the treatment of malignant and nonmalignant 
diseases. Blood 1998; 91: 756-763.

[9] MCSWEENEY P, NIEDERWIESER D, SHIZURU JA, 
SANDMAIER BM, MOLINA AJ et al. Hematopoietic cell 
transplantation in older patients with hematologic ma-
lignancies: replacing high-dose cytotoxic therapy with 
graft-versus-tumor effect. Blood 2001; 97: 3390-3400.
doi:10.1182/blood.V97.11.3390

[10] BANNA GL, AVERSA S, SILENI VC, FAVARETTO A, 
GHIOTTO C et al. Nonmyeloablative allogeneic stem cell trans-
plantation (NST) after truly nonmyeloablative and reduced
intensity conditioning regimens. Crit Rev Oncol Hematol 
2004; 51: 171-189. doi:10.1016/j.critrevonc.2004.05.008

[11] BARRET A, SAVANI BN. Stem cell transplantation with 
reduced-intensity conditioning regimens: a review of ten 
years experience with new transplant concepatients and 
new therapeutic agents. Leukemia 2006; 20: 1661-1672. 
doi:10.1038/sj.leu.2404334

[12] CRAWLEY C, LALANCETTE M, SZYDLO R, GILLEECE 
M, PEGGS K et al. Outcome for reduced-intensity allogeneic 
transplantation for multiple myeloma: an analysis of prognostic 
factors from the Chronic Leukemia Working Party of the EBMT. 
Blood 2005, 105: 4532-4539. doi:10.1182/blood-2004-06-2387

[13] CRAWLEY C, SZYDLO R, LALANCETTE M, BACIGALUPO 
A, LANGE A et al. Outcomes of reduced intensity transplanta-
tion for chronic myeloid leukemia: an analysis of prognostic 
factors from the Chronic Leukemia Working Party of the 
EBMT. Blood 2005, 106: 2969-2976. doi:10.1182/blood-2004-
09-3544



413LONG-TERM RESULTS OF ALLOGENEIC TRANSPLANTATION

[14] SHIMONI A, HARDAN I, SHEM-TOV N, RAND A, HER-
SCOVICI C et al. Comparison between two fludarabine-based
reduced-intensity conditioning regimens before allogeneic he-
matopoietic stem-cell transplantation: fludarabine/melphalan
is associated with higher incidence of acute graft-versus-host
disease and non-relapse mortality and lower incidence of 
relapse than fludarabine/busulfan. Leukemia 2007; 21: 2109-
2116. doi:10.1038/sj.leu.2404886

[15] SORROR ML, SANDMAIER BM, STORER BE, MARIS MB, 
BARON F et al. Comorbidity and disease status-based risk 
stratification of outcomes among patients with acute myeloid
leukemia or myelodysplasia receiving allogeneic hematopoi-
etic cell transplantation. J Clin Oncol 2007; 25: 4246-4254. 
doi:10.1200/JCO.2006.09.7865

[16] SCHMID C, SCHLEUNING M, SCHWERDTFEGER R, 
HERTENSTEIN B, MISCHAK-WEISSINGER E et al. Long-
term survival in refractory acute myeloid leukemia after
sequential treatment with chemotherapy and reduced-intensi-
ty conditioning for allogeneic stem cell transplantation. Blood 
2006; 108: 1092-1099. doi:10.1182/blood-2005-10-4165

[17] TAURO S, CRADDOCK C, PEGGS K, BEGUM G, MA-
HENDRA P et al. Allogeneic stem cell transplantation using 
a reduced-intensity conditioning regimen has the capacity 
to produce durable remissions and long-term disease-free 
survival in patients with high-risk acute myeloid leukemia 
and myelodysplasia. J Clin Oncol 2005; 23: 9383-9393. 
doi:10.1200/JCO.2005.02.0057

[18] MARKS R, POTTHOFF K, HAHN J, IHORTS G, BERTZ 
H et al. Reduced-toxicity conditioning with fludarabine,
BCNU, and melphalan in allogeneic hematopoietic cell trans-
plantation: particular activity against advanced hematologic 
malignancies. Blood 2008; 112: 415-425. doi:10.1182/blood-
2007-08-104745

[19] OR R, SHAPIRA MY, RESNICK I, AMAR A, ACKERSTEIN 
A et al. Nonmyeloablative allogeneic stem cell transplantation 
for the treatment of chronic myeloid leukemia in first chronic
phase. Blood 2003; 101: 441-445. doi:10.1182/blood-2002-02-
0535

[20] LION T. Summary: reports on quantitative analysis of chi-
merim after allogeneic stem cell transplantation by PCR
amplification of microsatellite markers and capillary elec-
trophoresis with fluorescence detection. Leukemia 2003; 17:
232-254. doi:10.1038/sj.leu.2402753

[21] Przepiorka D, Weisdorf D, Martin P, KLINGEMANN HG, 
BEATTY P et al. Consensus Conference on Acute GVHD 
Grading. Bone Marrow Transplant 1995; 15:825-828.

[22] SHULMAN HM, SULLIVAN KM, WEIDEN PL, MCDON-
ALD GB, STRIKER GE et al. Chronic graft-versus-host
syndrome in man. A long-term clinicopatologic study of 20 
Seattle patients. Am J Med 1980; 60: 204-217.

[23] KREJCI M, DOUBEK M, BUCHLER T, BRYCHTOVA Y, 
VORLICEK J et al. Mycophenolate mofetil for the treatment of 
acute and chronic steroid-refractory graft-versus-host disease.
Ann Hematol 2005; 84: 681-685. doi:10.1007/s00277-005-
1070-0

[24] JUNGHANSS C, MARR KA, CARTER RA, SANDMAIER 
BM, MARIS MB et al. Incidence and outcome of bacterial 

and fungal infections following nonmyeloablative compared 
with myeloablative allogeneic hematopoeitic stem cell 
transplantation: a matched control study. Biol Blood Mar-
row Transplant 2002; 8: 512-250. doi:10.1053/bbmt.2002.
v8.pm12374456

[25] MOHTY M, JACOT W, FAUCHER C, BAY JO, ZANDOTTI 
C et al. Infectious complications following allogeneic 
HLA-identical sibling transplantation with antithymocyte 
globulin-based reduced intensity preparative regimen. Leuke-
mia 2003; 17: 2168-2177. doi:10.1038/sj.leu.2403105

[26] MARTINO R, CABALLERO MD, CANALS C, SAN MIGUEL 
J, SIERRA J et al. Reduced-intensity conditioning reduces 
the risk of severe infections after allogeneic peripheral blood
stem cell transplantation. Bone Marrow Transplant 2001; 28: 
341-347. doi:10.1038/sj.bmt.1703150

[27] FRERE P, BARON F, BONNET C, HAFRAOUI K, PEREIRA 
M et al. Infections after allogeneic hematopoietic stem
cell transplantation with a nonmyeloablative condition-
ing regimen. Bone Marrow Transplant 2006; 37: 411-418. 
doi:10.1038/sj.bmt.1705255

[28] HOLTAN SG, HOGAN WJ, ELLIOTT MA, ANSELL SM, 
INWARDS DJ et al. CD34(+) cell dose and establishment of 
full donor chimerism at day +100 are important factors for 
survival with reduced-intensity conditioning with fludarab-
ine and melphalan before allogeneic hematopoietic SCT for 
hematologic malignancies. Bone Marrow Transplant; 2010; 
45: 1699-1703. doi:10.1038/bmt.2010.49

[29] TSIRIGOTIS P, SHAPIRA MY, OR R, BITAN M, SAMUEL 
S et al. The number of infused CD34+ cells does not influ-
ence the incidence of GVHD or outcome of allogeneic PBSC 
transplantation, using reduced-intensity conditioning and 
antithymocyte globulin. Bone Marrow Transplant, 2010; 45: 
1189-1196. doi:10.1038/bmt.2009.331

[30] MICHALLET M, LE QH, MOHTY M, PREBET T, NICOLINI 
F et al. Predictive factors for outcomes after reduced intensity
conditioning hematopoietic stem cell transplantation for 
hematological malignancies: a 10-year retrospective analysis 
from the Societe Francaise de Greffe de Moelle et de Therapie
Cellulaire. Exp Hematol 2008; 36: 535-544. doi:10.1016/
j.exphem.2008.01.017

[31] VIGOUROUX S, MICHALLET M, PORCHER R, PORCHER 
R, ATTAL M et al. Long-term outcomes after reduced-in-
tensity conditioning allogeneic stem cell transplantation 
for low-grade lymphoma: a survey by the French Society of 
Bone Marrow Graft Transplantation and Cellular Therapy
(SFGM-TC). Haematologica 2007; 92: 627-634. doi:10.3324/
haematol.10924

[32] HAMADANI M, BLUM W, PHILIPS G, ELDER P, ANDRIT-
SOS L et al. Improved nonrelapse mortality and infection rate 
with lower dose of antithymocyte globulin in patients undergo-
ing reduced-intensity conditioning allogeneic transplantation 
for hematologic malignancies. Biol Blood Marrow Transplant 
2009; 15:1422-1430. doi:10.1016/j.bbmt.2009.07.006

[33] BACIGALUPO A. Antilymhocyte/thymocyte globulin for 
graft versus host disease prophylaxis: efficacy and side effects.
Bone Marrow Transplant 2005; 35: 225-231. doi:10.1038/
sj.bmt.1704758



414 M. KREJCI, Y. BRYCHTOVA, M. DOUBEK, M. TOMISKA, M. NAVRATIL, Z. RACIL, D. DVORAKOVA, O. HORKY, M. LENGEROVA, et al.

[34] FINKE J, BETHGE WA, SCHMOOR C, OTTINGER HD, 
STELLJES M et al. Standard graft-versus-host disease prophy-
laxis with or without anti-T-cell globulin in haematopoietic 
cell transplantation from matched unrelated donors: a rand-
omized, open-label, multicentre phase 3 trial. Lancet Oncol 
2009; 10:855-864. doi:10.1016/S1470-2045(09)70225-6

[35] BARON F, SANDMAIER BM. Chimerism and outcomes after
allogeneic hematopoietic cell transplantation following non-
myeloablative conditioning. Leukemia 2006; 20:1690-1700. 
doi:10.1038/sj.leu.2404335

[36] VALCARCEL D, MARTINO R, CABALLERO D, MATEOS 
MV, PEREZ-SIMON JA et al. Chimerism analysis following 
allogeneic peripheral blood stem cell transplantation with 
rediced-intensity conditioning. Bone Marrow Transplant 
2003; 31:387-392. doi:10.1038/sj.bmt.1703846

[37] SHIMONI A, HARDAN I, SHEM-TOV N, YESHURUN M, 
YERUSHALMI R et al. Allogeneic hematopoietic stem-cell 
transplantation in AML and MDS using myeloablative versus 

reduced-intensity conditioning: the role of dose intensity. 
Leukemia 2006; 20:322-323. doi:10.1038/sj.leu.2404037

[38] VALCARCEL D, MARTINO R, CABALLERO D, MAR-
TIN J, FERRA C et al. Sustained remissions of high-risk 
acute myeloid leukemia and myelodysplatic syndrome after
reduced-intensity conditioning allogeneic hematopoetic trans-
plantation: chronic graft-versus-host disease is the strongest
factor improving survival. J Clin Oncol 2008; 26:577-584. 
doi:10.1200/JCO.2007.11.1641

[39] AOUDJHANE M, LABOPIN M, GORIN NC, SHIMONI A, 
RUUTU T et al. Comparative outcome of reduced intensity 
and myeloablative conditioning regimen in HLA identical 
sibling allogeneic haematopoietic stem cell transplantation 
for patients older than 50 years of age with acute myeloblastic 
leukaemia: a retrospective survey from the Acute Leukemia 
Working Party (ALWP) of the European group for Blood and 
Marrow Transplantation (EBMT). Leukemia 2005; 19:2304-
2312. doi:10.1038/sj.leu.2403967


