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Abstract 

An unrelated donor (UD) search was submitted to the Italian Bone Marrow Donor Registry between 

February 2002 and December 2004, for 326 consecutive patients with hematological malignancies, 

eligible for a reduced intensity conditioning (RIC) UD transplant. Only two regimens were allowed: 

melphalan, alemtuzumab, fludarabine and total body irradiation of 200 cGy (regimen A) and 

thiotepa, cyclophosphamide, anti-thymocyte globulin (regimen B). The outcome of patients 

receiving an UD transplant (n=121) was compared with patients who did not find a donor (n=205), 

in a time dependent analysis, correcting for time to transplant. The median follow up from 

activation of donor search was 6.1 years. UD transplant was associated with a significantly better 

survival in patients with acute leukemia and non-Hodgkin's lymphoma (NHL) whereas only a 

favorable trend was documented for Hodgkin's disease. No survival benefit was registered for 

chronic leukemias. The outcome of the two different conditioning regimens was comparable, in 

terms of survival, transplant-related mortality and graft versus host disease. In conclusion, finding 

an UD and undergoing a RIC transplant significantly improves survival of patients with acute 

leukemia and NHL. The advantage is less clear for HD and chronic leukemias. The role of different 

conditioning regimens remains to be elucidated by prospective clinical trials. 

 

Introduction 

 

For many patients with advanced hematological malignancies, allogeneic hematopoietic stem cells 

transplantation may represent an effective, potentially curative treatment modality. Unfortunately, 

most patients lack a human leukocyte antigen compatible family donor so that the possibility to 

identify an unrelated donor (UD) may be crucial. However, even when an UD is found, the clinical 

outcome after allogeneic transplantation may be poor for patients with medical comorbidities or 

advanced age or advanced disease such as those relapsed after a previous autologous transplant. 

Over the past years, for these patients, reduced intensity conditioning (RIC) programs have been 

developed and widely used and they have contributed significantly to reducing the mortality rate 

after allogeneic transplantation.
1
 Although this approach may be effective, the outcome of many 

patients is still unsatisfactory because the rate of relapse both in myeloid
2, 3

 and lymphoid 

malignancies
4, 5

 and the transplant-related mortality are still relevant. In addition, the time needed to 

identify a donor may be remarkably different from patient to patient.
6
 All in all, it is still difficult to 

fully appreciate the real impact on survival offered by these transplant procedures to an unselected 

group of patients from the start of the UD search. 

For this reason, we analyzed the clinical outcome of an unselected consecutive series of patients for 

whom an UD search was activated between February 2002 and December 2004 with the intent to 

perform an allogeneic hematopoietic stem cells transplantation after a RIC regimen. 
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Patients and methods 

 

Eligibility criteria 

 

Eligible to this study were 326 consecutive patients for whom the UD search activation was 

recorded by the Italian Bone Marrow Donor Registry, between 1st February 2002 and 31st 

December 2004. The inclusion diagnostic criteria were the following: (1) Patients with a diagnosis 

of acute myeloid leukemia, acute lymphoid leukemia, chronic myeloid leukemia, myelodysplastic 

syndrome (MDS) and myelofibrosis (MMF), who were considered candidates to receive an 

allogeneic unrelated transplants only after RIC regimens because of their advanced age (55–65 

years) or the presence of concurrent medical comorbidities. (2) Patients of any age with the 

following diagnosis: Hodgkin's disease (HD) relapsed after high-dose chemotherapy or relapsed 

after 1 year from chemotherapy course and not eligible to high-dose chemotherapy because of 

mobilization failure. Follicular non-Hodgkin's lymphoma (NHL) relapsed after two courses of 

standard chemotherapy or high-dose chemotherapy; mantle cell NHL relapsed after one course of 

standard chemotherapy or high-dose chemotherapy, or lymphoplasmacytic and marginal zone cell 

NHL relapsed after two courses of standard chemotherapy or high-dose chemotherapy. In addition, 

patients with B-cell chronic lymphocytic leukemia relapsed after high-dose chemotherapy, mycosis 

fungoides in advanced phase (>stage III A) or in chemosensitive relapse after two chemotherapy 

courses and Sezary’s syndrome in chemosensitive relapse after one chemotherapy course. At time 

of analysis, risk definition for each patient was calculated according to the EBMT score. High-risk 

patients were defined those with a score 6.
7
 

 

Donor selection 

 

Donor selection was based on molecular high-resolution typing (4 digits) of the human leukocyte 

antigen gene loci class I (HLA-A, B and C) and class II (DRB1). In the absence of an 8/8 identical 

donor, one allele mismatched (class I or II) donor was allowed. 

 

Conditioning regimens 

 

Patients for whom a donor was found, could be prepared for allogeneic transplant using only two 

preparative regimens: program A, based on the combination of melphalan 30 mg/m
2
, alemtuzumab 

(Genzyme Ltd, Haverhill, Suffolk UK) 80 mg, fludarabine 90 mg/m
2
 and total body irradiation 

200 cGy;
8
 program B, based on thiotepa 10 mg/kg, cyclophosphamide 100 mg/kg and anti-

thymocyte globulin (Genzyme Ltd, IDA Industrial Park, Waterford, Ireland) 7.5 mg/kg.
9
 

All patients were treated under local institutional review board guidelines and provided written 

informed consent for the treatment and for the use of medical information for research. 

 

Statistical methods and definitions 

 

Comparison between proportions was performed using χ
2
 and Fisher's exact tests. Differences in 

median times or ages were tested with the Mann–Whitney two sample statistics. Cox models were 

performed considering UD transplant as time-varying covariate, in order to take into account the 

bias of patients who were not grafted because of death during the UD search. Multivariable models 

were performed on the overall population and according to different type of diagnosis, including 

age, sex and disease risk that was defined high for patients over 60 and for patients who had a 

previous autologous transplant. Overall survival (OS) was calculated from the UD search activation 
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until deaths from any cause and surviving patients were censored at last follow up, using Kaplan–

Meier product limit method. Non-relapse mortality and cumulative incidence of relapse were 

estimated using competing risks analysis, as far as the cumulative incidence of acute and chronic 

graft versus host disease (GVHD), considering death without GVHD as competing risks. Cox 

proportional hazard models with time-varying covariate were established to identify independent 

prognostic factors to OS. Variables included in the models were sex, age, inclusion diagnostic 

criteria (1 or 2), source of stem cell (peripheral blood or bone marrow), disease status at transplant 

(standard phase for patients with at least a 2nd complete remission achieved and high-risk phase for 

partial remissions, more than 3rd complete remissions, active diseases or relapses), time from donor 

search activation to transplant (more than 5 months or less), engraftment (yes/no, time-dependent 

variable), acute and chronic GVHD (yes/no, time-dependent variable). 

 

Results 

 

UD search outcome 

 

The main clinical findings of the 326 patients for whom a donor search was activated are 

summarized in Table 1: 121 patients (37%) were actually transplanted at a median interval from 

search activation of 169 days (range: 68–772). Of the 205 patients, who were not transplanted as 

planned, 192 (59%) stopped the UD search because of death (n=100), ineligibility due to disease 

progression (n=34), lack or unlikelihood to find a donor (n=11), consent withdrawn (n=8), choice of 

an alternative program (n=39). This latter group included an autologous transplant (n=1) or 

allogeneic transplant with a related mismatched (n=15), a cord blood (n=3), or a haploidentical 

donor (n=2) and other unspecified treatments (n=18). For 13 patients a donor search is still ongoing 

(Figure 1). The characteristics of patients of this study are summarized in Tables 1 and 2. Patients’ 

sex and median age were not different between patients who received an allogeneic transplant from 

an UD and those treated alternatively (P=0.25). HD and NHL as well as acute leukemias were the 

most common diagnosis. The chosen stem cell source for transplant was peripheral blood in 67 

cases (55%) and bone marrow in the other 54 (45%). The majority of patients (80%) were defined 

at high risk of death according to EBMT criteria.
7
 

 

Figure 1. CONSORT diagram of patient flow and results of UD search activation. 
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Table 1 - Characteristics of 326 unrelated donor search activation. 

 
 

 

 

 

 

 

 

 

 

 

 

 

http://www.nature.com/leu/journal/v26/n8/fig_tab/leu201255t1.html#figure-title


Table 2 - Clinical findings at transplant of patients undergoing allogeneic unrelated 

transplant. 

 
 

Transplants 

 

For patients undergoing transplantation from an UD, neutrophil count recovered to >0.5. × 10
9
/l 

after a median of 17 days (range, 6–34). Both regimens induced a sustained engraftment in almost 

90% of patients. The cumulative incidence of acute GVHD grade II–IV and III–IV, was, 

respectively, 44% (95% CI, 35–54%) and 20% (95% CI, 13–30%; Figure 2, panel a). The median 

time to onset of acute GVHD was 40 days after transplantation (range, 12–197). The cumulative 

incidence of chronic GVHD was 25% (95% CI, 18–34%) with the extensive form occurring in 9% 

of patients (95% CI, 5–16%; Figure 2, panel b). The median time to onset of chronic GVHD was 

115 days after transplantation (range, 90–481). The cumulative incidence of relapse and non-relapse 

mortality was 33% and 35%, respectively (Figure 3). According to different diagnoses, relapse and 

non-relapse mortality were, respectively, 42% and 34% for acute leukemias, 32% and 38% for 

NHL, 34% and 24% for HD, and 16% and 43% for chronic myeloid leukemia, MDS and MMF 

(data not shown). 
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Figure 2. Cumulative incidence of acute (a) and chronic (b) graft versus host disease in patients 

undergoing unrelated transplant. 

 

 
 

Figure 3. Crude cumulative incidence of relapse and transplant-related mortality in the whole 

patients cohort (N=121) undergoing unrelated transplant. 

 

 

UD transplantation versus other treatment 

 

With a median follow up of 2.43 years from the activation of an UD search, the 5-year OS was 39% 

(95% CI, 30–47%) for patients undergoing an UD transplant and 19% (95% CI, 14–25%) for 

patients receiving any alternative treatment (Figure 4). To overcome the bias of time to transplant, 

the therapeutic efficacy of transplant was tested in a multivariable Cox time-dependent model 

(Table 3). With this approach, we could evaluate the results of multivariate adjusted estimates as to 

the impact of unrelated transplant on survival in the whole setting and according to the different 

diagnoses. When considering the whole cohort of 326 patients, an unrelated transplant was not 

associated with a significantly reduced risk of death (hazard ratio (HR)=0.85, 95% CI, 0.65–1.10). 

When the analysis was performed separately for different diagnoses, a significant survival 

advantage with unrelated transplant was shown for patients with acute leukemias (HR=0.60, 

P=0.049) and NHL (HR=0.47, P=0.008), whereas only a favorable trend was observed for HD 

patients (HR=0.67, P=0.136; Table 3 and Figure 5). No benefit was evident for patients with 

chronic myeloid leukemia, MDS, MMF and B-cell chronic lymphocytic leukemia. 
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Figure 4. Kaplan–Meier curves of OS of patients undergoing unrelated transplant and patients 

allocated to any alternative treatment. 

 

 

 
 

Figure 5. Kaplan–Meier curves of OS in patients undergoing unrelated transplant and patients 

allocated to any alternative treatment (acute leukemias, NHL and HD). 

Full figure and legend (75K) 
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Table 3 - Impact of allogeneic unrelated transplant on overall survival in the whole cohort of 

326 patients and by diagnosis (multivariable Cox proportional hazard model). 

 
 

By a multivariable model for the prediction of OS (Table 4), a significant decrease of the risk of 

death was independently associated with a successful engraftment (HR=0.29, 95% CI, 0.13–0.64, 

P=0.002) and with the incidence of chronic GVHD (HR=0.47, 95% CI, 0.24–0.89, P=0.02). No 

differences were observed between patients receiving conditioning regimens A or B. 

 

Table 4 - Prognostic factors for the prediction of overall survival of the transplant patients 

(121 patients, 77 deaths) (multivariable Cox proportional hazard model). 
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The event free survival at 5 years for the whole patients’ cohort receiving an unrelated transplant 

was 29% (data not shown). Risk factors predicting event free survival and OS showed the same 

associations and again, no significant difference was observed between patients treated with either 

conditioning regimen (data not shown). In acute leukemia and NHL patients the shape of OS and 

event free survival curves were almost identical, indicating the absence of further significant 

therapeutic options, in case of disease relapse after allogeneic transplantation. In the case of HD, the 

event free survival and OS curves diverged, indicating that many patients could benefit from 

additional therapeutic strategies in case of relapse after allogeneic transplantation (data not shown). 

 

Discussion 

 

The current study was performed to investigate the survival of patients for whom an allogeneic 

transplantation with an UD was planned and the search of such a donor was formally activated at 

the Italian Bone Marrow Donor Registry. The main focus of the study was to compare the clinical 

outcome of the patients who actually received an unrelated allogeneic transplant, with the outcome 

of patients for whom the transplant was not performed because of the lack of a suitable donor or any 

other reasons. The time of the UD search activation, according to predefined eligibility criteria, 

could be considered as a formal declaration of intent to treat. This fact allowed us to compare the 

outcome of patients undergoing the transplant or not and to analyze the main outcomes of the whole 

patient population with less selection bias. The choice of a RIC regimen was a priori determined 

because patients were unfit for conventional transplants because of age, advanced disease or 

comorbidities, or because they had a diagnosis of HD or NHL or other chronic lymphoid 

malignancies in a very advanced clinical phase. The planned transplant program was performed in 

37% of patients who started the donor search and this can be considered a reasonable result when 

considering the international registries at the time (2002–2004) this program was carried out. The 

long-term follow up of this study confirms that an unrelated allogeneic transplant after a RIC 

regimen may represent a curative option for many patients otherwise ineligible to a conventional 

allogeneic transplant or with advanced lymphomas. Overall, the 5-year survival of the 121 patients 

receiving an unrelated transplant (39%) seems to be superior when compared with that of similar 

patients who were not grafted (19%). However, a simple direct comparison of the two groups of 

patients is not correct for at least two main obvious selection biases. First, the two groups were been 

defined prospectively as such when the donor search was activated, and most importantly, the 

transplant group would include patients surviving long enough for a donor to be available. On the 

other hand an undue proportion of bad prognosis patients would be assigned to the non-transplant 

group only because they did not survive long enough to be grafted. In our case, treatment was 

assigned to the patient by the availability of a suitable donor, which was an external, time-

dependent factor, not controlled by the study. Therefore, the use of a time-dependent indicator in 

multivariable models allowed us to correctly account for the mechanism of treatment allocation. 

Accordingly, such an appropriate Cox time-dependent analysis was performed and clearly indicates 

that a true survival benefit could be demonstrated for patients with a diagnosis of acute leukemia 

and NHL but not for others. Although it is obvious that for the few chronic myeloid leukemia 

patients enrolled into this study the availability of tyrosine kinase inhibitors has dramatically 

changed the therapeutic scenario
10, 11, 12

 for other diseases the interpretation of our results is more 

complex. Overall, it is likely that, although not curative, effective alternative approaches, may be 

currently available for patients with an advanced B-cell chronic lymphocytic leukemia
13

 or HD
14

 

and may not be inferior to an unrelated allogeneic transplant, at least in terms of OS. In addition, 

although allogeneic transplantation represents a possible definitive curative option for patients with 

MMF
15

 and MDS
16

 it is plausible that, in the absence of an accurate risk oriented patient selection, a 

survival advantage of the transplant over an appropriate supportive care may be difficult to 

demonstrate.
17

 Nonetheless, the lack of a clear cut benefit on survival observed in patients with 

MMF, MDS or HD may have different explanations. The first obvious possibility relies on the fact 
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that given the relatively low number of these patients and the very advanced phase of their disease 

even an active and potentially curative therapeutic approach such as the allogeneic transplantation
18

 

could fail to demonstrate an impact on survival. A second possibility may be related to the reduced 

intensity of the two conditioning regimens, which were designed to minimize transplant-related 

toxicity. Indeed, in both programs, the treatment intensity was low and the in vivo T-cell depletion, 

either with alemtuzumab or anti-thymocyte globulin, remarkably high.
19

 Therefore, it is a distinct 

possibility that other more intensive conditioning regimens (i.e., those including busulfan or higher 

doses of melphalan) could have achieved a better impact on survival of patients with MMF,
20, 21

 

MDS,
22

 HD
23

 and B-cell chronic lymphocytic leukemia.
24

 However, when the two regimens were 

compared, the outcome of the transplant was not affected by the conditioning regimens and GVHD 

prophylaxis, although this result should be taken with caution, because of the differences in the two 

patients’ cohorts and the retrospective nature of the study. On the other hand, this analysis does 

suggests that the success or failure of an UD transplant may be only marginally influenced by the 

different preparative regimens and controlled clinical trials are needed when new programs are 

proposed. 

In conclusion, finding a donor and proceeding to an UD transplant, offers a survival advantage over 

not finding a donor, for patients with acute leukemia activating an UD search, and ineligible for a 

conventional regimen. A similar significant survival advantage was shown for patients with NHL. 

For chronic leukemias and HD competing, non-transplant therapeutic strategies may possibly offer 

a similar survival outcome with comparable or even lower toxicity. The role of different 

conditioning regimens and GVHD prophylaxis with anti-thymocyte globulin or alemtuzumab 

remains to be elucidated. For this reason, GITMO has conducted and now completed a randomised 

trial between regimen A and regimen B to evaluate the overall antitumor activity and the safety 

profile of these two strategies. 
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