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Zusammenfassung
Hintergrund: Bei fortgeschrittenen malignen hämatologi-
schen Erkrankungen wird häufig eine allogene Stammzell-
transplantation (alloHSZT) durchgeführt, die jedoch auf Grund 
der hohen behandlungsassoziierten Mortalität und einem 
hohen Rezidivrisiko nur bei einem Teil der Patienten lebensver-
längernd ist. Patienten und Methoden: Um Variablen zu ana-
lysieren, die mit dem Erfolg einer alloHSZT bei fortgeschrit-
tenen malignen hämatologischen Erkrankungen asso ziiert 
sind, wurde eine retrospektive, multizentrische Erhebung an 
401 Patienten durchgeführt. Dabei wurden unabhängige pro-
gnostische Faktoren bezüglich des Gesamtüber lebens (OS) 
und des erkrankungsfreien Überlebens (DFS) in der multi varia-
ten Analyse unter Verwendung des proportionalen Hazard-
Modells (Cox-Modell) untersucht. Ergebnisse: Das OS und 
DFS betrug nach 5 Jahren 27,3 bzw. 21,1%. In der multivaria-
ten Analyse konnte gezeigt werden, dass die zugrunde lie-
gende maligne Erkrankung einen signifikanten Einfluss auf 
das OS und das DFS hat (p < 0,001 und 0,011), während das 
Auftreten einer schweren akuten Graft-versus-Host-Reaktion 
(GvHD) einen negativen Einfluss auf das OS hatte (p < 0,001). 
Das Auftreten einer chronischen GvHD zeigte einen Trend 
für ein besseres OS (p = 0,085) und DFS (p = 0,199). Die In-
tensität der Konditionierungstherapie hatte hingegen keinen 
Einfluss auf das OS und DFS. Schlussfolgerung: Die Verbes-
serung des Ergebnisses nach alloHSZT bei fortgeschrittenen 
hämatologischen Erkrankungen infolge des Auftretens einer 
chronischen GvHD aber nicht infolge der Konditionierungs-
therapie unterstreicht die Bedeutung des mit der chroni-
schen GvHD assoziierten Graft-versus-Leukämie-Effekts.

Keywords
Hematological malignancies, advanced · Allogeneic stem 
cell transplantation · Graft versus host disease, chronic · 
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Summary
Background: Allogeneic hematopoietic stem cell transplan-
tation (alloHSCT) is often performed in cases of advanced 
hematological diseases, but because of the associated 
 mortality and a high risk of relapse it is life prolonging only 
in some patients. Patients and Methods: A retrospective 
multi-center analysis of 401 patients was conducted to ana-
lyze the variables associated with outcome after alloHSCT in 
advanced hematological diseases. The Cox proportional 
 hazards model was used to assess the independence of 
overall survival (OS) and disease-free survival (DFS) from 
prognostic factors in a multivariate model. Results: The 
5-year OS and DFS were 27.3 and 21.1% respectively. Multi-
variate analysis showed that the underlying malignancy had 
a significant influence on OS and DFS (p < 0.001 and 
p < 0.011, respectively), whereas development of severe 
acute graft versus host disease (GvHD) had a negative im-
pact on OS (p < 0.001). Development of chronic GvHD 
showed a trend to a better OS (p = 0.085) and DFS 
(p = 0.199). No impact was seen for the intensity of condi-
tioning. Conclusion: Development of chronic GvHD but not 
the conditioning regimen improved the outcome after 
 alloHSCT for advanced malignancies, underlining the impor-
tance of immunological rather than cytotoxic effects.
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Patients, Material and Methods

Eligibility Criteria
Between� 1993� and� 2009,� 401� patients� with� advanced� hematological�
�diseases� were� treated� with� different� transplantation� protocols� within��
the� Division� of� Hematology� and� Oncology,� University� of� Rostock,� the�
Medical� Clinic� III,� Campus� Benjamin� Franklin,� Charite� Berlin� and� the�
Department� of� Hematology� and� Oncology,� University� of� Regensburg.�
The�Institution�Review�Boards�(IRB)�at�each�of�the�collaborating�centers�
approved� the� protocols.� Patients� signed� consent� forms� that� were� in�
�accordance�with� the�Declaration�of�Helsinki�and�approved�by� the� local�
IRBs.

Patients, Conditioning Regimen and Postgrafting Immunosuppression
An�advanced�stage�of�a�disease�was�defined�as�refractory�disease�(RD),�
partial�remission�(PR)�or�more�than�2�complete�remissions�(CR)�at�time�
of�alloHSCT�[8].�A�majority�of�the�401�patients�had�acute�myeloid�leuke-
mia� (AML,� n� =� 188)� or� non-Hodgkin’s� lymphoma� (NHL,� n� =� 80),�
�followed�by�patients�with�myeloproliferative� syndromes� (MPS,�n�=�54),�
acute� lymphoblastic� leukemia� (ALL,� n� =� 47),� multiple� myeloma� (MM,��
n�=�24)�or�Hodgkin’s�disease� (HD,�n�=�8).�The�median�age�of�patients��
was�46.3�years�(range�13–70)�with�254�male�and�147�female patients.�Pa-
tients� received� either� related� (n� =� 172)� or� unrelated� (n� =� 229)� HLA�
(human� leukocyte� antigen)-identical� grafts.� Patients� and� donors� were�
matched�for�HLA-A,�B,�and�C�at�least�at�the�antigen�level�and�for�DRB1�
and�DQB1�at�the�allele�level.�356�patients�received�peripheral�blood�stem�
cell�grafts�and�45�received�bone�marrow.�In�333�(83.0%)�of� the�401�pa-
tients�the�remission�status�at�time�of�alloHSCT�was�known.�Pre-transplan-
tion,�only�33�patients�(9.9%)�were�in�CR�for�more�than�the�second�time,�
whereas�most�of�the�patients�had�measurable�disease�at�time�of�transplan-

Introduction

Treatment� of� malignant� hematological� diseases� has� been�
�dramatically� improved� by� the� introduction� of� allogeneic�
�hematopoietic� stem� cell� transplantation� (alloHSCT)� [1].�
�Factors� influencing� the� outcome� after� alloHSCT� include�
tumor� burden,� donor� selection,� disease� stage,� the� develop-
ment� of� graft� versus� host� disease� (GvHD)� and� the� graft�
�composition� [2–7].� Despite� the� fact� that� the� outcome� after�
�alloHSCT�in�relapsed�or�refractory�hematological�diseases�is�
poor,� it� is� often� performed� since� it� is� the� only� remaining�
�curative� option.� However,� this� procedure� is� debatable.� Due��
to� its� high� morbidity� and� mortality,� it� potentially� shortens��
the��remaining�life�time�of�patients�without�any�clinical�benefit.�
Therefore,� decisions� regarding� the� appropriateness� of�
�alloHSCT�for�a�given�patient�should�involve�careful�consider-
ation�of�the�risks�associated�with�alloHSCT�and�the�likelihood�
of� cure.� The� intention� of� this� retrospective� analysis� was� to�
�investigate,� by� identifying� parameters� with� prognostic� influ-
ence,� which� patients� suffering� from� advanced� hematological�
disease�could�benefit�from�an�alloHSCT�and�should�therefore�
be�offered�this�procedure.

Table 1.�Patient�characteristics

AML NHL MPS ALL MM Hodgkin

Patient�age,�years
Median 47 44 50 36 53 39
Range� 13–69 15–70 17–65 15–58 41–65 18–54

n n n n n n

Total 188 80 54 47 24 8
Patient�gender

Male 115 53 41 29 12 4
Female 73 27 13 18 12 4

Source
PBSC 171 69 50 45 20 1
Bone�marrow 17 11 4 2 4 7

Donor
Related 75 48 10 24 11 4
Unrelated 113 32 44 23 13 4

Status�before�HSCT
1�complete�or�partial�remission 19 10 0 8 6 0
>1�complete�or�partial�remission 82 28 0 6 7 4
Stable�disease 4 3 0 0 0 0
Refractory�disease 39 17 0 10 5 2
Relapse� 42 14 0 23 2 2
Unknown 2 8 54 0 4 0

Conditioning
Busulfan-based 12 0 16 0 0 0
FBM 28 23 5 3 10 2
FLAMSA 36 0 0 1 0 0
MitoFlag 6 0 0 0 0 0
Treosulfan-based 31 11 11 4 9 1
HD-TBI 45 33 18 24 5 4
TBI�2Gy 10 0 3 0 0 0
Others 20 13 1 15 0 1

AML�=�acute�myeloid�leukemia,�NHL�=�non-Hodgkin’s�lymphoma,�MPS�=�myeloproliferative�syndrome,�ALL�=�acute�lymphoblastic�leukemia,��
MM�=�multiple�myeloma,�PBSC�=�peripheral�blood�stem�cells,�HSCT�=�hematopoietic�stem�cell�transplantation,�FBM�=�fludarabine,�BCNU,��
melphalan,�FLAMSA�=�fludarabine,�amsacrine,�HD-TBI�=�high-dose�total�body�irradiation.
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tation;� these� patients� included� 137� patients� (41.1%)� in� PR,� 7� (2.1%)� in�
�stable� disease� (SD)� and� 156� (46.8%)� with� RD.� Transplantation� was�
�performed�in�33�patients�(70%)�with�ALL�with�active�relapsed�disease,�in�
8�patients�(17%)�with�PR�and�in�6�patients�(12%)�with�CR.�None�of�the�
patients�with�HD�was�in�CR�at�time�of�transplant,�4�patients�(50%)�were�
in�PR,�and�4�(50%)�suffered�from�active�relapsed�disease.�47�patients�had�
a�Karnofsky�index�of�100,�125�an�index�of�90,�109�an�index�of�80�and�65�an�
index�of�70.�Patients’�characteristics�are�shown�in�table�1.

The�patients�received�various�conditioning�regimens�and�immunosup-
pression� protocols.� The� majority� were� treated� with� a� reduced-intensity�
conditioning�(RIC,�n�=�334)�protocol,�54�patients�received�myeloablative�
conditioning� (MAC)� and� 13� patients� were� transplanted� after� non-mye-
loablative�conditioning.�GvHD�was�evaluated�according�to�the�Keystone�
criteria�(acute�(a)�GvHD)�and�the�classification�according�to�Shulman�et�
al.�(chronic�(c)�GVHD)�[9,�10].

Statistical Analysis
All�data�were�stored�and�analyzed�using�the�SPSS�statistical�package�17.0�
(SPSS�Inc.�Chicago,�IL,�USA).�Statistical�analysis�was�realized�in�agree-
ment�with�Statistical�Guidelines�of�EBMT�(European�Group�for�Blood�
and� Marrow� Transplantation).� The� statistics� computed� included� mean�
and�standard�deviations�of�continuous�variables,�frequencies�and�relative�
frequencies�of�categorical� factors.�The�Cox�proportional�hazards�model�
was�used�to�assess�the�independence�of�overall�survival�(OS)�and�disease-
free� survival� (DFS)� from� prognostic� factors.� First,� univariate� analyses�
were� performed� to� reveal� unadjusted� significant� associations� between�
prognostic� variables� and� OS� or� DFS.� Thereafter,� variables� yielding��
p�values�≤�0.15�in�the�univariate�analysis�were�entered�in�the�multivariate�
model�to�highlight�adjusted�associations�between�the�outcome�and�covari-
ates� that� were� of� borderline� significance� in� univariate� analysis.� The�
�impact�of�an�aGvHD�and�cGvHD�event�was�evaluated�by�including�it�as�
time-dependent�covariate�T_COV�in�the�Cox�model.�All�p�values�resulted�
from�2-sided�statistical�tests,�and�p�≤�0.05�was�considered�to�be�significant.�
OS� was� defined� as� the� time� between� transplantation� and� death� (inde-
pendent� of� the� cause� of� death).� DFS� was� defined� as� CR� until� relapse,�
death�or� last� contact,�whichever�occurred� first.�Factors�analyzed� in� this�
study�were�age,�sex,�disease�category�(myeloid�vs.�lymphoid),�specific�un-
derlying�disease,�intensity�of�conditioning,�stem�cell�source,�performance�
status,�and�development�of�GvHD.

Results

The�results�reported�here�come�from�401�patients,�treated�at��
3� different� centers,� who� had� advanced� hematological� malig-
nancies�[8]�and�who�received�alloHSCT.�The�median�follow-

up�time�was�282�days�(range�3–3,607�days).�After�alloHSCT,�
265� (66.1%)� patients� achieved� CR,� 55� (13.7%)� PR,� and� 18�
(4.5%)�RD;�in�1�patient�the�disease�was�stable.�Of�the�401�pa-
tients,�268�(66.8%)�died�after�alloHSCT.�All�401�patients�were�
evaluable�for�disease�response.�Of�these,�147�patients�(36.7%)�
experienced�relapse�after�transplantation.�Kaplan-Meier�esti-
mates�of�OS�and�DFS�are�illustrated�in�fig.�1.�The�estimated�
2-�and�5-year�OS�were�37.1�and�27.3%�(fig.�1a).�The�probabil-
ity�of�DFS�at�2�and�5�years�was�29.1�and�21.1%,�respectively�
(fig.�1b).

Univariate� analysis� identified� the� underlying� malignancy,�
the�intensity�of�conditioning�and�development�of�aGvHD�or�
cGvHD�as�factors�with�potential�impact�on�OS.�In�the�multi-
variate� analysis� (table� 2),� only� the� underlying� malignancy�
(p�<�0.001)�and�the�development�of�aGvHD�(p�<�0.001)�were�
confirmed�as�significant�parameters.�Patients�who�developed�
aGvHD�of�grade�III�or�IV�had�a�significantly�worse�OS�com-
pared�to�patients�with�aGvHD�of�grade�0,�I,�or�II.�However,�if�
aGvHD� was� treated� as� a� time-dependent� variable� in� multi-
variate�analysis,�the�impact�on�OS�was�lost�(p�=�0.978).

Diseases�with� the�best�outcome�were�MPS�and�NHL�fol-
lowed�by�AML�and�MM.�None�of�the�patients�with�advanced�
ALL� or� HD� who� were� not� in� remission� showed� a� long� OS,�
�although�the�number�of�patients�with�HD�(n�=�8)�included�in�
the� analysis� was� rather� small.� In� 70%� of� patients� with� ALL�
(sample�size�n�=�47)�alloHSCT�was�performed�in�the�presence�
of� active� relapsed� disease,� which� may� explain� the� worse�
�outcome.�In�addition,�only�17.0%�of�patients�with�ALL�devel-
oped�cGvHD.�

The� development� of� cGvHD� was� identified� as� important�
for� OS,� as� shown� in� the� multivariate� analysis:� patients� with�
cGvHD� showed� a� trend� towards� a� better� OS� (p� =� 0.085,�
table� 2a).� On� the� other� hand,� the� intensity� of� conditioning�
(fig.�2a),�which�was�identified�as�a�parameter�with�borderline�
significance�in�univariate�analyses�(p�=�0.105),�lost�its�impact�
in�multivariate�analysis�(p�=�0.697,�table�2a).

For� DFS,� only� the� underlying� disease� had� an� impact� in�
multivariate�analysis�(p�=�0.011,�table�2b).�ALL�(p�=�0.005,�ad-
justed�hazard�ratio� (aHR)�3.00),�HD�(p�=�0.025,�aHR�3.72),�
MM�(p�=�0.055,�HR�2.39)�and�AML�(p�=�0.131,�aHR�1.65)�had�

Fig 1. Overall�survival�(OS)�(A)�and�disease-
free� survival� (DFS)� (B)� in� 401� patients� un-
dergoing� hematopoietic� stem� cell� transplan-
tation�(HSCT).
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a� negative� impact� on� OS� in� multivariate� analysis� (table� 2)�
compared�to�MPS.�However,�development�of�cGvHD�showed�
a�trend�for�a�better�DFS�in�the�multivariate�analysis�(p�=�0.199;�
aHR�0.667;�95%�confidence�interval�(CI)�[0.359;�1.24]),�while�
the�intensity�of�the�conditioning�system�was�not�a�significant�
factor� for� DFS� in� the� multivariate� model� (p� =� 0.192,� aHR�
0.704;�CI�[0.415;�1.19]).�

None�of�the�remaining�parameters�evaluated�in�this�analy-
sis�(age,�donor-recipient�gender,�disease�category�(myeloid�vs.�
lymphoid),� stem� cell� source� or� performance� status)� had� a�
�borderline�impact�on�DFS�or�OS�in�univariate�analysis.

Discussion

Since�the�outcome�for�patients�with�advanced�hematological�
disease� is�poor,�an�alloHSCT�is�often�performed�as�the�only�
remaining� curative� option.� However,� this� approach� remains�
debatable� [11]� because� of� the� severe� adverse� effects,� the�
�questionable� outcome� and� the� costs.� Therefore,� to� facilitate�
the�decision�for�or�against�an�alloHSCT�in�a�particular�situa-
tion,� knowledge� of� the� general� outcome� in� a� given� disease�
�situation� is� crucial.� The� aim� of� this� analysis� was� to� identify�
�parameters� with� prognostic� influence� after� alloHSCT� in�
�advanced� hematological� diseases� to� identify� malignancies� in�
advanced�stages�in�which�alloHSCT�is�a�reasonable�option.�

Table 2.�Multivariate�analysis�for�prognostic�factors�for�OS�and�DFS

p�value Adjusted�HR 95%�CI

a)�Variable�for�OS
Diagnosis <0.001

Hodgkin�vs.�MPS 0.003 4.34 [1.64;�11.5]
ALL�vs.�MPS <0.001 4.05 [2.08;�7.86]
MM�vs.�MPS 0.135 2.02 [0.803;�5.07]
AML�vs.�MPS 0.081 1.68 [0.938;�3.00]
NHL�vs.�MPS 0.308 1.42 [0.725;�2.77]

Conditioning�intensity
RIC�vs.�MAC 0.697 1.10 [0.676;�1.80]

Grading <0.001
1�vs.�0 0.757 1.10 [0.603;�2.00]
2�vs.�0 0.325 1.26 [0.798;�1.98]
3�vs.�0 <0.001 3.02 [1.86;�4.92]
4�vs.�0 <0.001 8.78 [4.55;�16.9]

aGvHD�(time�dependent)
aGvHD�vs.�none 0.978 0.993 [0.617;�1.599]

cGvHD�(time�dependent)
Extensive�or�limited�vs.�none 0.085 0.682 [0.442;�1.05]

b)�Variable�for�DFS
Diagnosis 0.011
Hodgkin�vs.�MPS 0.025 3.72 [1.18;�11.7]
ALL�vs.�MPS 0.005 3.00 [1.39;�6.50]
MM�vs.�MPS 0.055 2.39 [0.98;�5.80]
AML�vs.�MPS 0.131 1.65 [0.862;�3.16]
NHL�vs.�MPS 0.823 1.09 [0.506;�2.36]

Conditioning�intensity
RIC�vs.�MAC 0.192 0.704 [0.415;�1.19]

aGvHD�(time�dependent)
aGvHD�vs.�none 0.621 0.830 [0.396;�1.74]

cGvHD�(time�dependent)
Extensive�or�limited�vs.�none 0.199 0.667 [0.359;�1.24]

OS�=�overall�survival,�DFS�=�disease-free�survival,�HR�=�hazard�ratio�(HR�for�each�risk�factor�is�adjusted�for�all�other�factors�in�the�multivariate�
model),�CI�=�confidence�interval,�MPS�=�myeloproliferative�syndrome,�ALL�=�acute�lymphoblastic�leukemia,�MM�=�multiple�myeloma,��
AML�=�acute�myeloid�leukemia,�NHL�=�non-Hodgkin�lymphoma,�RIC�=�reduced-intensity�conditioning,�MAC�=�myeloablative�conditioning,�
aGvHD�=�acute�graft-versus-host�disease,�cGvHD�=�chronic�GvHD.

Fig 2.�Univariate�analysis�of�OS�(A)�and�DFS�
(B)� for� patients� with� myeloablative� condition-
ing� (MAC)� or� reduced-intensity� conditioning�
(RIC).
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The�OS�and�the�DFS�at�2�and�5�years�in�this�study�was�37.1�
and� 27.3%,� and� 29.1� and� 21.1%,� respectively.� In� a� study� by�
Schmid�et�al.�[12],�103�patients�with�refractory�AML�received�
a� sequential� regimen� of� chemotherapy,� RIC� for� alloHSCT,�
and�prophylactic�donor�lymphocyte�transfusion.�In�that�study,�
with� a� 25-month� median� follow-up,� OS� at� 2� years� was� 40%�
and� at� 4� years� 32%;� the� respective� leukemia-free� survival�
(LFS)�was�37%,�and�30%.�Oyekunle�et�al.�reported�the�results�
of�44�patients�with�refractory�acute�leukemia�who�underwent�
alloHSCT�after�MAC�[13].�OS�and�progression-free�survival�
(PFS)�after�5�years�was�28�and�26%,�respectively.�Hosing�et�al.�
identified� tumor� burden� as� a� prognostic� factor� for� survival�
after�a�second�transplant�for�AML.�The�OS�in�this�group�was�
6� months,� but� a� subset� of� patients� who� had� a� low� leukemia�
burden�at�the�time�of�the�second�transplant�had�a�5-year�sur-
vival�of�25%�compared�to�12%�in�those�with�a�high�leukemia�
burden� [5].� Robinson� et� al.� [14]� reported� the� outcome� for��
188�patients�with�NHL�after�alloHSCT;�the�OS�after�2�years�
was� 50%.� The� probability� of� having� RD� after� 1� year� for�
�patients�with�chemoresistant�and�chemosensitive�disease�were�
75�and�25%,�respectively�(p�=�0.001).�The�PFS�at�1�year�was�
46%,�and�was�significantly�better�for�those�with�chemosensi-
tive�HD�and�low-grade�NHL.�Kennedy�et�al.�reported�the�re-
sults�of�patients�with�advanced�MM�after�alloHSCT�following�
MAC� [15].� Median� OS,� PFS,� and� event-free� survival� (EFS)�
were� 28,� 66� and� 13� months,� respectively,� with� a� 5-year� OS,�
PFS,�and�EFS�of�40,�54�and�24%.

Through�a�multivariate�analysis,�we� identified�ALL�as�an�
underlying�disease�and�the�development�of�aGvHD�as�signifi-
cant�factors�impairing�OS.�cGvHD�showed�a�trend�towards�a�
better�OS�and�DFS�(table�2).�On�the�other�hand,�the�intensity�
of� conditioning� appeared� to� have� no� impact� on� OS� or� DFS�
(fig.�2a�and�b,�table�2).�This�may�indicate�the�effectiveness�of�
immunological�effects�against�advanced�diseases,�and�the�sus-
ceptibility�of�heavily�pretreated�patients�to�treatment-related�
mortality� induced� by� standard-dose� MAC.� The� failure� to�
achieve� long-term� OS� in� patients� with� advanced� ALL� may�
have�been�due�to�the�low�rate�of�cGvHD�in�the�evaluated�co-
hort.�However,�a�recent�publication�demonstrated�a�complete�
failure� of� haploidentical� HSCT� in� patients� with� ALL� who�
were�not�in�remission,�indicating�the�limitations�of�a�graft�ver-
sus�leukemia�effect�in�patients�with�ALL�[16].�From�these�re-
sults�it�can�be�assumed�that�for�patients�with�advanced�ALL�
achievement�of�a�CR�with�low�disease�burden�pre-transplant�
is�crucial�for�OS�[17].

The�results�we�present�here�are�in�line�with�others,�e.g.�the�
reported� outcome� of� 71� patients� after� a� second� alloHSCT�
[18].� The� predicted� OS� and� transplant-related� mortality 
(TRM)�at�2�years�were�28�and�27%,�respectively.�TRM�was�
significantly� lower� in� those� who� relapsed� late� following� the�
first�alloHSCT�(2�years:�17�vs.�38%�in�early�relapses;�p�=�0.03).�
2� factors�were�significantly�associated�with�a�better�OS:� late�
relapse� (p� =� 0.014)� and� cGvHD� following� the� second� trans-
plant� (p� =� 0.014).� Another� study� also� showed� the� effect� of�
cGvHD�on�the�outcome�after�alloHSCT�[19].�In�a�retrospec-

tive� analysis� of� the� International� Bone� Marrow� Transplant�
Registry,�patients�with�extensive� cGvHD�experienced� fewer�
relapses�at�the�expense�of�higher�treatment-related�mortality.

Kahl�et�al.�used�a�regimen�that�relied�virtually�entirely�on�
graft�versus�tumor�effects�for�eradicating�malignancies�[20].�In�
a� retrospective� analysis� that� included� 834� patients� (median�
age,�55;� range,�5–74�years)�with�hematological�malignancies,�
patients� were� grouped� in� different� risk� groups� for� relapse�
after�non-myeloablative�alloHSCT,�implying�a�variable�sensi-
tivity�for�GvHD�[20].�Patients�with�chronic� lymphocytic� leu-
kemia�(CLL)�and�MM�in�CR,�low-grade�or�mantle�cell�NHL�
(CR�+�PR),�or�high-grade�NHL�in�CR�had�the�lowest�relapse�
rates�(0.00–0.24;�low�risk).�In�contrast,�patients�with�advanced�
myeloid� and� lymphoid� malignancies� had� relapse� rates� of�
>�0.52�(high�risk).�Patients�with�lymphoproliferative�diseases�
not� in� CR� (except� HD� and� high-grade� NHL)� and� myeloid�
�malignancies� in� CR� had� rates� of� 0.26–0.37� (standard� risk).�
Diseases�grouped�in�the�high-risk�group�(AML,�MPS)�had�a�
better�outcome�in�our�study,�probably�because�of�the�higher�
portion� of� RIC� included� here.� It� could� be� argued� that� after�
non-MAC,�the�numbers�of�cancer�cells�present�at�HSCT�shift�
the�balance�in�their�favor,�and�they�‘outproliferate’�the�donor�
cytotoxic�immune�cells�in�a�majority�of�patients.�Therefore,�a�
higher� intensity� of� conditioning� (RIC,� but� probably� not�
MAC)�is�required�for�optimal�tumor�cell�control�and�for�the�
establishment�of�an�adequate�immune�response.

In�conclusion,�we�found�a�significant�proportion�of�patients�
with� advanced� hematological� diseases� who� achieved� long-
term� remission� after� alloHSCT,� although� the� subgroup� of�
�patients�with�ALL�did�not�benefit�from�alloHSCT.�Since�the�
development� of� cGvHD,� but� not� the� intensity� of� the� condi-
tioning,�improved�the�outcome�in�this�setting,�it�appears�that�
chemotherapy�only�plays�a�role�for�immediate�disease�control,�
whereas� immunological� mechanisms� are� essential� for� the�
long-term�control.�Therefore,�to�further�improve�the�outcome�
in�these�patients,�transplant�protocols�with�a�focus�on�the�im-
munological�rather�than�cytotoxic�effect�are�urgently�needed.
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