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Allogeneic stem cell transplantation after fludarabine, melphalan and 
thymoglobulin followed by early withdrawal of prophylactic immunosuppression 
could be an effective approach to patients with acute lymphoblastic leukemia
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Presented are results of allogeneic hematopoietic stem cell transplantations (HSCTs) in 13 patients with high-risk acute 
lymphoblastic leukemia (ALL) in the first complete remission after a reduced intensity conditioning combining fludarabine 
(150 mg/m2) and melphalan (140 mg/m2) with thymoglobulin (4.5 mg/kg). The immunosuppressive effect of T-cell depletion 
reducing the risk of graft-versus-host disease (GVHD) and non-relapse mortality was compensated by early initiation of 
reduction and withdrawal of prophylactic immunosuppression aimed at maintaining effective immunological antileukemic 
control. The median post-transplant follow-up was 23 (range, 10-65) months. Stable engraftment of donor’s hematopoiesis 
was achieved in all patients. Acute GVHD was observed in two cases (15.4%); the chronic form was not noted. Two patients 
(15.4%) relapsed with ALL at 3 and 16 months after transplantation. During the above post-transplant follow-up, all 13 re-
cipients were alive, with a probability of 2-year disease-free survival of 76.9% (95% CI 51-100%). Although the results were 
obtained with a small pilot study group it may be assumed that, given the prognostic risk of most patients and the nearly 
2-year median post-transplant follow-up, the approach may be considered as an alternative to HSCTs after traditional my-
eloablative or reduced conditioning regimens with standard GVHD prophylaxis.
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Allogeneic HSCT is an important treatment modality in 
patients with ALL [1-3]. In this highly aggressive hemato-
logical malignancy, transplantations after intensive standard 
myeloablative conditionings (e.g. busulfan and cyclophospha-
mide or total body irradiation and cyclophosphamide) may 
be assumed to reduce the risk of its post-transplant relapse 
or progression. However, increased organ regimen-related 
toxicity (RRT) and non-relapse mortality (NRM) may nega-
tively influence the survival of patients receiving this therapy. 
In contrast, the lower cytoreductive potential of reduced 
intensity conditioning (RIC), albeit with a less complicated 
immediate post-transplant course, results in insufficient sup-
pression of the residual leukemic clones [4, 5]. In the case of 
standard immunosuppressive prevention of GVHD, with its 
withdrawal initiated as late as approximately on day +100 
after HSCT, graft-versus-leukemia (GVL) reaction may also 

be suppressed for a relatively long time. In combination with 
the lower reduction of the residual leukemic clones following 
RIC, this may lead to a higher post-transplant recurrence of 
ALL.

An RIC regimen combining fludarabine (150 mg/m2) 
with myelotoxic and lymphotoxic melphalan (140 mg/m2) 
has been long used globally. It has a potential for significant 
immediate cytoreduction which appears necessary for effec-
tive post-transplant control of ALL. Gastrointestinal mucosal 
RRT following administration of melphalan in the above doses 
may, however, be reflected in a higher incidence of both acute 
and chronic GVHD with a significantly increased risk of 
NRM [6, 7]. Severe and prolonged “in vivo” T-cell depletion 
with alemtuzumab added to the fludarabine/melphalan (FM) 
combination significantly reduces the risk for the develop-
ment of GVHD and NRM [8], but often at a cost of delayed 
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achievement of complete donor chimerism [9] and insufficient 
GVL reaction with a need for subsequent administration of 
donor lymphocyte infusions (DLIs). “In vivo” T-cell depletion 
may also be achieved with antithymocyte globulin (ATG) 
in a conditioning regimen. Although it reduces the risk for 
severe immunological complications and NRM it is usually 
not as prolonged (depending on the ATG used and its total 
dose) and leading to long-term negative effects on donor im-
munocompetent cells as after alemtuzumab. Given the above 
experiences and assumptions, a decision was made that ALL 
patients in the first complete remission (CR) considered 
for allogeneic HSCT would undergo conditioning with the 
aforementioned standard FM combination with added thy-
moglobulin at a total dose of 4.5 mg/kg. With respect to the 
higher risk of recurrence of the underlying disease with high 
proliferative potential, due to either less intensive conditioning 

or negative effects of T-cell depletion with ATG on GVL reac-
tion, however, the comprehensive post-transplant approach 
to the patients also included early reduction and withdrawal 
of GVHD prevention with cyclosporin A (CyA). This brief 
communication presents the first experiences with the above 
approach in a group of patients with allogeneic transplantation 
for high-risk ALL in CR.

Patients and methods

Patients and pre-transplant treatment. The study com-
prised 13 adult patients with a median age at diagnosis of 34 
(range, 24-57) years, available for a post-transplant follow-
up of at least 6 months. Allogeneic HSCT was indicated for 
primary ALL in the first CR in 12 patients; one participant 
(patient No.13) was transplanted for lymphoblastic trans-

Table 1.  Patients’ characteristics of primary disease and pre-transplant treatment

patient 
No. gender

age at  
diagnosis 

(years)

type 
of 

ALL
cytogenetic findings at diagnosis*

WBC 
at diagnosis 

(×109/L)

extramedullary  
involvement 
at diagnosis

primary 
therapeutic 

protocol

time from 
diagnosis   
to HSCT 
(months)

1 female 24 common B 46,XX,t(12;22)(p?12;q?13)[4]/46,XX[16] 8.5 none CALGB 6

2 male 50 common B

standard cytogenetic methods unsuccessful, 
BCR-ABL1fusion with a breakpoint in the minor 
region was confirmed by molecular genetic meth-

ods 

2.4 none CALGB 
+ imatinib 5

3 male 57 common B
52,XY,+X,+10,der(14)t(8;14)(q?12;q32.3),+17,+20,

+21,+21[15]/
46,XY[5]

5.37 none CALGB 5

4 female 34 pre-B 46, XX,der(20)t(1;20)(q?21;?)[3]/46,XX[10] 2.39 none GMALL 7
5 female 25 pre-B 46,XX,t(X;6)(p?21;p?23),del(9)(p21)[19]/46,XX[1] 34.3 none GMALL 6

6 female 34 pre-B

47,XX,t(4;11)(q21;q23),+der(4)t(4;11)(q21;q23)
[60]/

48,XX,+der(X)?del(X)(q?24),t(4;11)(q21;q23),  
+der(4)t(4;11)(q21;q23)[11]

14.19 none GMALL 4

7 male 39 common B 46,XY[18] 5.92 CNS GMALL 5

8 male 28 pre-T 46,XY[6] 10.76 retroperitoneal 
lymph nodes** GMALL 5

9 male 25 medul-
lary T

46,XY,del(9)(p21)3[3]/47,XY,+6,del(9)(p21)[3]/
46,XY[7] 11.95 pericardium** GMALL 6

10 female 25 pre-T 47,XX,+4[11]/46,XX[1] 1.23 none GMALL 6

11 male 25 common B

69,XY,+X,+Y,+2,+4,+5,+5,+6,+8,t(9;22)
(q34;q11.2),+10,+10,

+11,+13,+14,+14,+15,+16,+17,+18,+19,+20,+20,+
21,+der(22)

t(9;22)(q34;q11.2)[35]/46,XY[2]

5.42 none GMALL 
+ imatinib 6

12 male 42 common B

48,X,-Y,+X,+2,+6,-7,-9,t(9;22)(q34;q11.2), 
+14,+der(22) t(9;22)(q34;q11.2)[7]/

49,X,,-Y,+X,+2,+6,-7-
,-9,t(9;22)(q34;q11.2),+14,+14,+der(22)                                                                    

t(9;22)(q34;q11.2)[6]

22.6 none GMALL 
+ imatinib 7

13 male 40 common 
B***

51,XY,+Y,+2,+5,+6,-7, t(9;22)(q34;q11) inv(9)
(p13;q34.3),+10,+der(22)t(9;22)( q34;q11) 15.63 none GMALL 

+ dasatinib 5

CNS – central nervous system , * evaluated by classical cytogenetic methods and  fluorescence in situ hybridization, ** manifestation of mediastinal mass at 
diagnosis, *** (lympho)blastic crisis of CML
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formation of chronic myeloid leukemia (CML) but given his 
induction therapy which, after the diagnosis had been made, 
was identical to the approach in primary Philadelphia chromo-
some positive (Ph+) ALL, he was included in this pilot study. 
This patient achieved molecular remission of the disease after 
induction chemotherapy in combination with the tyrosine 
kinase inhibitor (TKI) dasatinib. The basic characteristics of 
all patients and their prognostic parameters including primary 
treatment protocols are shown in Table 1. Standard induction 
or consolidation chemotherapy was administered in accord-
ance with the Cancer and Leukemia Group B (CALGB) 8811 
or German Multicenter Study Group for Adult ALL (GMALL) 
07/2003 protocols [10, 11]. In Ph+ ALL patients, TKIs were 
added to their standard treatment. The median time interval 
from diagnosis to HSCT was 6 months (range, 4-7 months). 
Nine patients (69.2%) receiving transplantation from unrelated 
donors underwent two chemotherapy cycles in addition to suc-
cessful induction therapy according to the primary protocol. 
Four patients (30.8%) with a readily available donor under-
went only one consolidation therapy cycle. However, there 
was no significant difference in the interval from diagnosis 
to HSCT as in two patients subsequently transplanted from 
related available donors, consolidation chemotherapy had to 
be postponed due to serious infectious complications during 
induction therapy. All patients gave signed informed consent 
with the transplant procedure approved by the institutional 
review board.

Conditioning regimen. The conditioning regimen con-
sisted of fludarabine (30 mg/m2 on days -8, -7, -6, -5 and -4), 
melphalan (70 mg/m2 on days -3 and -2) and thymoglobulin 
(1.5 mg/kg on days -4, -3 and -2). 

HSCT. On day 0, all 13 patients received donor peripheral 
blood stem cells. Stem cells from HLA-matched related do-

nors (MRDs) or a mismatched related donor (MMRD) were 
transplanted to 3 patients (23.1%) and 1 patient (7.7%), re-
spectively. However, most HSCTs were from unrelated donors. 
Grafts from HLA-matched unrelated donors (MUDs) and 
mismatched unrelated donors (MMUDs) were transplanted to 
3 recipients (23.1%) and 6 recipients (46.2%), respectively. The 
donors’ median age was 29 years (range, 19-51 years). These 
characteristics and parameters, as well as gender of donors 
and recipients, their cytomegalovirus (CMV) serologic status, 
ABO/Rh compatibility, the number of hematopoietic stem 
cells in the graft are shown in Table 2. The median numbers 
of transfused mononuclear cells (MNCs) and CD34+ cells in 
the graft were 6.37 (range, 3.94-9.85) × 108/kg and 4.9 (range, 
2.94-10.12) × 106/kg, respectively. 

Post-transplant GVHD prophylaxis. As part of post-
transplant GVHD prophylaxis, all patients were given CyA. Its 
intravenous administration was initiated on day -1 at a dose 
of 6 mg/kg/day which was subsequently adjusted so that the 
target plasma concentration ranged between 200 and 300 ng/
mL. The recipients were switched to the oral form of CyA only 
after manifestations of gastrointestinal RRT resolved. CyA dose 
reduction with a gradual decrease of its plasma concentra-
tions was planned to be started, in the absence of any possible 
manifestations of GVHD or ALL relapse, between days +28 
and +35. The target was full withdrawal of CyA on days +90 
to +110. When grafts from HLA-mismatched donors were 
transplanted, CyA was initially combined with methotrexate 
(MTX) or mycophenolate mofetil (MMF) in 1 (7.7%) and 6 
(46.2%) recipients, respectively (Table 2). MTX was adminis-
tered at doses of 15 mg/m2 on day +1 and 10 mg/m2 on days 
+3, +6 and +11. The administration of MMF was initiated on 
day +1 at a dose of 30 mg/kg/day that was gradually reduced 
so that the drug was withdrawn on days +15 to +56. As was 

Table 2. Stem cell transplantations characteristics 

patient
No.

donor
type

donor 
age 

(years)

gender
(R/D)

ABO/Rh
(R/D)

CMV serostatus
(R/D)

infused MNC
(×108/kg)

infused CD34+ 
cells (×106/kg)

post-trans-
plant GVHD 
prophylaxis

start of CyA 
reduction 

(day)

stop of CyA 
(day)

1 MMUD 41 F/M B+/O+ +/- 6.37 4.46 CyA + MMF +77 +195
2 MUD 24 M/M AB+/O- +/- 5.28 7.59 CyA +46 +113
3 MUD 35 M/M A+/A- +/+ 6.75 7.0 CyA +50 +110
4 MUD 51 F/M O-/O- -/- 3.94 5.04 CyA +46 +108
5 MMUD 29 F/M O-/O+ -/+ 9.85 10.12 CyA + MTX +70 +92
6 MRD 41 F/F B+/AB+ +/+ 4.5 4.61 CyA +30 +108
7 MMRD 38 M/M AB+/AB+ -/- 6.48 3.0 CyA + MMF +33 +116
8 MMUD 43 M/M O+/A+ +/+ 5.58 5.05 CyA+MMF +33 +111
9 MRD 23 M/M A+/O+ +/- 7.56 5.56 CyA n.a n.a.

10 MMUD 19 F/F A+/A+ +/+ 5.28 4.01 CyA + MMF +56 +105
11 MRD 27 M/M B-/AB+ -/- 8.27 3.53 CyA n.a. n.a.
12 MMUD 20 M/F B+/O+ +/+ 4.83 2.94 CyA + MMF +60 +120
13 MMUD 23 M/F A+/A+ +/+ 7.05 4.9 CyA + MMF +60 +113

R – recipient, D – donor, MRD – matched related donor, MMRD – mismatched related donor, MUD – matched unrelated donor, MMUD – mismatched 
unrelated donor, F – female, M – male, ABO/Rh – blood groups (ABO and Rh system), CyA – cyclosporin A, MMF – mycophenolate mofetil, n.a. – not ap-
plicable because of GVHD development
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the case of CyA, MMF was first administered intravenously 
and the patients were switched to the oral form only after 
resolution of gastrointestinal RRT.

Anti-infectious prophylaxis. Co-trimoxazole was admin-
istered at a dose of 960 mg twice daily orally on days -8 to -1. 
From day 0, it was withdrawn until the absolute neutrophil 
count (ANC) reached ≥ 0.5 × 109/L. Then, co-trimoxazole 
was continued at the same daily dose on two days a week. 
Herpes virus infections were prevented by 2× 500 mg of oral 
valacyclovir or 3× 250 mg of intravenous acyclovir daily, 
starting from day -8. Anti-infectious prophylaxis with both 
co-trimoxazole and valacyclovir or acyclovir was withdrawn 
6 months after immunosuppression withdrawal and in the 
absence of any form of GVHD. Fluconazole at a daily dose 
of 200 mg orally or intravenously was initiated on day -8 and 
withdrawn at the moment of a stable ANC ≥ 1.0 × 109/L, 
absent GVHD and if there was no need to continue with ad-
ministration of broad-spectrum antibiotics or corticosteroids. 
Patients with a history of confirmed or suspected systemic 
fungal infections received secondary antifungal prophylaxis, 
namely voriconazole or posaconazole at daily doses of 200 mg 
and 3× 200 mg, respectively. Gastrointestinal decontamina-
tion was performed with 2× 400 mg daily of rifaximin from 
day -8 until a stable ANC ≥ 0.5 × 109/L, complete resolution 
of mucositis and withdrawal of broad-spectrum antibiotics. 
CMV-seronegative recipients transplanted from CMV-se-
ronegative donors were substituted with leukodepleted blood 
products (erythrocytes and platelets). CMV-seropositive 
patients or CMV-seronegative ones transplanted from CMV-
seropositive donors were regularly screened for the presence 
of CMV DNA in plasma once weekly until day +100 after 
HSCT, so that the risk for development of CMV disease could 
be eliminated by early initiation of preemptive therapy. If 
patients developed GVHD or were treated with corticoids or 
intensive immunosuppressive therapy, this regular monitor-
ing was continued past day +100. 

RRT. Non-hematological RRT was assessed according to 
the National Cancer Institute Common Toxicity Criteria, 
version 2.0 [12]. 

Hematopoietic recovery, engraftment and therapeutic 
response. Post-transplant hematopoietic recovery was defined 
as the first of three subsequent days with a stable ANC ≥ 0.5 
× 109/L and platelets (PLTs) count ≥ 20 × 109/L in recipients’ 
peripheral blood. Cellular chimerism was assessed in periph-
eral blood nucleated cells and bone marrow aspirate on days 
+15, +60, +270 and +30, +90, +180, +360, respectively, using 
amplification of microsatellite DNA short tandem repeats 
(STR) with fluorescently labeled primers in polymerase chain 
reaction and subsequent separation by capillary electrophore-
sis. Prior to HSCT, blood samples were collected from both 
recipients and donors and their STR profiles were determined. 
Those were used in the post-transplant period to quantify do-
nor chimerism [13]. Complete donor chimerism was defined 
as 100% of donor nucleated cells in peripheral blood or bone 
marrow. Post-transplant relapses of ALL was confirmed if fol-

lowing criteria had been fulfilled: > 5% of original recipient’s 
pathological lymphoblasts in bone marrow (with or without 
their finding in peripheral blood, decreased hemoglobin level, 
ANC and PLTs) and/or proven extramedullary involvement 
(e.g. leukemic cells in cerebrospinal fluid or proven pathologi-
cal lymphoblastic infiltration of any tissue). 

GVHD diagnosis and assessment. Acute or chronic 
GVHD was diagnosed based on the clinical features, labora-
tory findings and histological results from biopsy samples 
of the affected tissue. Acute GVHD stages and grades were 
determined in accordance with standard criteria [14]. When 
assessing chronic GVHD, the original classification into lim-
ited and extensive forms was used based on the extent and 
intensity [15]. 

Statistical analysis. The Kaplan-Meier method was used 
to calculate disease-free survival (DFS), defined as the inter-
val from HSCT to relapse of the disease or death from any 
cause. The analysis was carried out using the SPSS, version 
15 software (SPSS Inc., Chicago, USA).

Results

Mucositis (stomatitis and/or gastrointestinal involvement) 
as the dominant manifestation of non-hematologic RRT was 
observed in 9 patients (69.2%); in only three cases (23.1%), 
however, grade III RRT was noted. Renal and liver RRT, not 
more severe than grade I, developed in 5 recipients (38.5%) 
and 2 recipients (15.4%), respectively (Table 3). 

Successful engraftment was achieved in all patients. Stable 
ANC ≥ 0.5×109/L and PLT ≥ 20×109/L were achieved at a me-
dian time of 15 days (range, 12-17 days) and 11 days (range, 
9-13 days) after HSCT. Complete donor chimerism on day +30 
was detected in 12 recipients (92.3%) (Table 3). 

In 11 assessable patients (84.6%), dose reduction and full 
withdrawal of CyA were within a median of 56 (range, 30-77) 
and 111 (range, 92-195) days after HSCT, respectively (Table 
2). The delays were associated with the laboratory findings 
and/or symptoms that could have been linked to the develop-
ment of GVHD in 8 patients (61.5%) and 6 patients (46.2 %), 
respectively. However, the complication was not confirmed 
by the subsequent clinical course and examination results 
including histological findings. The delay and withdrawal of 
CyA, comparing to proposed protocol, were in the median of 
25 (range, 11-42) and 5 (range, 1-85) days, respectively. In two 
cases (15.4%), the early reduction and withdrawal of prophy-
lactic immunosuppression were not carried out according to 
protocol due to development of acute GVHD. 

The grade II and III of acute GVHD were observed in these 
two patients on days +30 and +26, respectively (Table 3). In 
presented group, after HSCT with the above conditioning 
regimen and GVHD prophylaxis, chronic GVHD has not 
developed as yet. 

Primary or reactivated CMV infections were observed in 
1 (7.7%) and 5 (38.5%) patients, respectively. However, it was 
clinically manifested in only 2 recipients (15.4%) (Table 3). 
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In one case (patient No.1), CMV syndrome developed. In the 
other, CMV DNA was detected in both plasma and intestinal 
mucosa obtained by biopsy and the clinical manifestation of 
the infection (i.e. either CMV syndrome or gastrointestinal 
CMV disease) could not be reliably determined due to histo-
logically confirmed concomitant acute GVHD (patient No.9). 
Following virostatic therapy, the symptoms disappeared com-
pletely in the former patient. The latter patient’s condition also 
improved but it was more difficult to assess due to the parallel 
immunosuppressive therapy for acute GVHD. 

In two ALL cases (15.4%), the underlying disease relapsed 
3 and 16 months after HSCT (Table 3). One case (patient 
No.5) was systemic relapse with both bone marrow and CNS 
involvement. In the other (patient No.6), isolated involve-
ment of the CNS was noted. Both patients achieved another 
CR after second transplantation with cryopreserved hemat-
opoietic cells obtained from the original donors. Intravenous 
high-dose MTX (3 g/m2) and intrathecal treatment (MTX 
15 mg, cytarabine 40 mg, dexamethason 4 mg) were used to 
reduce CNS leukemic involvement before the administra-
tion of non-myeloablative conditioning regimen FLAG-Ida 
(fludarabine 120 mg/m2, cytarabine 8g/m2, idarubicin 36 mg/
m2) in both cases. CyA was the only immunosuppressant in 
GVHD prophylaxis after the second transplantations. Never-
theless, to enhance GVL effect, it was tapered since day +14 
and withdrawn on day +42. Subsequently, the patient with 
systemic relapse developed extensive chronic GVHD that 
regressed with combined immunosuppressive therapy; at 26 
months after the second HSCT, the patient remains in CR of 
ALL. In the other patient, isolated CNS relapse occurred after 
5-month remission induced by the second HSCT. The third 
CR was achieved with chemotherapy and sequential DLIs 
but ALL recurred in the CNS six months later. At the time of 

assessment of the group, the patient was clinically stable and 
receiving palliative therapy.

At a median post-transplant follow-up of 23 (range, 10-65) 
months, NRM in the group was 0%. The probability of 2-year 
DFS was 76.9% (95% CI 51-100%) (Fig. 1). During the above 
post-transplant follow-up, all 13 patients were alive.

Discussion

These encouraging pilot results suggest the possibility of 
high curability of high-risk ALL in adult patients achieved 
by allogeneic HSCT performed after RIC in the first CR. 
However, integral parts of the treatment strategy were early 
reduction and withdrawal of post-transplant immunosuppres-
sive prevention of GVHD even though these were somewhat 
delayed as compared with the original plan set by the proto-
col. The delay stemmed from the clinical picture that could 

Figure 1. Estimated disease-free survival. Kaplan-Meier’s curve of pre-
sented cohort .

Table 3. Patients’ post-transplant outcome 

patient
No. non-hematological RRT (grade)

engraftment
acute 

GVHD
(day, grade)

CMV reactivation
post-transplant 
disease relapse 

(months)

post-transplant 
follow-up 
(months)

ANC ≥ 
0.5×109/L 

(day)

PLT ≥ 
20×109/L 

(day)

donor  
chimerism 
on day +30

1 stomatitis (I), GIT (II) +13 +11 97% no yes (syndrome) no 65
2 stomatitis (II),  renal (I) +14 +9 100% no yes (asymptomatic) no 65
3 renal (I) +15 +10 100% no no no 46

4 stomatitis (III), GIT (III),  renal 
(I), liver (I) +12 +12 100% no no no 38

5 none +17 +12 100% no yes (asymptomatic) yes (3) 35
6 renal (I) +17 +13 100% no no yes (16) 32
7 stomatitis (I) +16 +13 100% no no no 23
8 stomatitis (III) +15 +10 100% no yes (asymptomatic) no 17
9 liver (I), renal (I) +14 +10 100% yes (+30, II)* yes* no 14

10 GIT (II) +16 +12 100% no yes (asymptomatic) no 13
11 stomatitis (III),  GIT (III) +15 +11 100% yes (+26, III) no no 11
12 stomatitis (I), GIT (II) +14 +11 100% no no no 10
13 stomatitis (II), GIT (II) +13 +11 100% no no no 12

GIT – gastrointestinal toxicity, * histological confirmation of acute GVHD and concomitant detection of CMV DNA in gut mucosa
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indicate developing GVHD; therefore, the possibility of this 
immunological complication had to be carefully ruled out 
prior to initiation of early reduction with CyA. Such approach 
was included in our proposed protocol. Nevertheless, despite 
presented delays of CyA reduction and withdrawal in 8 and 
6 patients, respectively, the administration of post-transplant 
prophylactic immunosuppression was still shorter than in 
published studies [16, 17]. Earlier initiation of reduction 
(starting from days +60 and +90 in related and unrelated 
HSCT, respectively) and withdrawal (within 2-3 months 
from the initiation of reduction) of calcineurin inhibitors for 
GVHD prevention was reported by Cho et al. in 37 patients 
with high-risk ALL transplanted in the first or second CR 
after RIC combining fludarabine and melphalan [15, 16, 18]. 
The 3-year DFS and OS rates were 62.6% and 64.1%, respec-
tively. Unlike in the present study, however, the apparent 
antileukemic effectiveness was accompanied by higher rates 
of both GVHD and NRM which could be due to less frequent 
administration of thymoglobulin (6 recipients transplanted 
from HLA-mismatched unrelated donors) and its lower to-
tal doses (2.5 mg/kg). Similar results were also reported by 
Stein et al. in a group of 24 ALL patients transplanted from 
HLA-matched related or unrelated donors after the same FM 
regimen [19]. T-cell depletion with ATG was performed in 
only one patient. GVHD was prevented by administration of 
tacrolimus and sirolimus or CyA and MMF; in 14 patients, 
MTX was added to these combinations. The time schedule 
of reduction and complete withdrawal of calcineurin inhibi-
tors was not stated. The probability of 2-year DFS and OS 
was 61.5%. However, the development of acute and chronic 
GVHD was observed in 75% and 86% of patients, respectively, 
with 2-year NRM of 21.5%.

In the present study, the inclusion of “in vivo” T-cell de-
pletion with thymoglobulin as a standard part of the above 
RIC was shown to influence the occurrence of GVHD as well 
as NRM despite the relatively high proportion of patients 
transplanted from HLA-mismatched donors. Even earlier 
withdrawal of prophylactic immunosuppression has so far not 
led to a significant manifestation of adverse immunological 
complications. However, antileukemic control with GVL reac-
tion [20], the main goal of this post-transplant approach, was 
apparently maintained in most patients in spite of high-risk 
and even very high-risk ALL.
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