
Allogeneic haematopoietic stem cell 
transplantation with reduced intensity 
conditioning regimens (“minitransplants”)
Urs Schanz

Division of Haematology, Department of Internal Medicine, University Hospital Zurich, Switzerland

Allogeneic haematopoietic stem cell trans-
plantation (HSCT) is an accepted therapeutic
option for various haematological malignancies,
severe aplastic anaemia, haemoglobinopathies and
immunodeficiency disorders. Recently it has been
shown that allogeneic HSCT may also be an ef-
fective treatment for selected solid organ tumours,
especially in renal cell carcinoma [1].

For many years allogeneic HSCT was based
on the concept that the administration of a maxi-
mum tolerable myeloablative dose of chemo- and
radiotherapy (conditioning regimen), inducing
long-term or often irreversible bone marrow apla-
sia and requiring rescue with a haematopoietic
graft, is essential, first, to eliminate or at least dras-
tically reduce tumour cell burden, second to clear
the marrow of host haematopoietic cells, and third
to be sufficiently immunosuppressive to allow suc-
cessful donor stem cell engraftment resulting in
complete haematopoietic chimerism [2, 3]. These
high-dose regimens result in considerable toxicity
and hence in substantial morbidity and mortality
in graft recipients. Until recently dose reduction
of conditioning regimens was not considered be-
cause it was expected to result in engraftment fail-
ure and high relapse rates. For this reason even
higher intensity preparative regimens were ex-
plored with the aim of reducing posttransplant
disease relapses [4].

It was early recognised that immunocompe-
tent graft cells react against the host normal tissues
(skin, liver, gut), leading to so-called “graft-versus-
host” disease (GvHD), a cause of substantial addi-
tional morbidity and mortality [5]. It was because
of these risks that haematopoietic stem cell trans-
plantation was for many years restricted to young
and otherwise healthy patients.

It has recently become evident that GvHD
partly results from cytokine production induced by
the toxicity of preparative regimens [6]. It was
therefore postulated that reduced-intensity condi-
tioning could result in a lower incidence and sever-
ity of GvHD.

As early as 1957 it was suggested, on the basis
of a murine leukaemia model, that the graft itself
exerted some antileukaemic properties [7], the 
so-called “graft-versus-leukaemia effect” (GvL) 
or “graft-versus-tumour effect” (GvT). The exis-
tence of the GvL or GvT effect in humans, linked
to the existence of GvH disease, was first docu-
mented by Weiden et al. in 1981 [8]. In the 1980s,
when T-cell depletion for GvH disease prevention
became popular, a significant increase in leukae-
mia relapse [9], especially in chronic myeloid leu-
kaemia patients, provided indirect evidence for 
the importance of the GvL effect. A link to the T-
cell content of the graft was suggested. In 1981
Slavin et al. showed that after minimal condition-
ing with total lymphoid irradiation histoincom-
patible marrow grafts resulted in eradication of
leukaemia in mice [10].

Finally, in 1990 Kolb et al. [11] used donor
lymphocyte infusions (DLI) for successful treat-
ment of relapsed chronic myeloid leukaemia
months or years after bone marrow transplanta-
tion, thus providing the first direct evidence of a
GvL effect of DLI in humans.

In recent years the pioneering work of Shimon
Slavin [10, 12, 14], Rainer Storb [13–15], Sergio
Giralt [21, 22], Richard Champlin [14, 21, 22] and
Andrea Carella [14, 20, 23] has shown that en-
graftment of allogeneic haematopoietic stem cells
after non-myeloablative conditioning regimens is
feasible. 

During the recent years it became evident that
allogeneic haematopoietic stem cell transplantation with
reduced intensity conditioning is feasible. Though less
toxic than conventional stem cell grafting severe adverse
effects have been reported and are not uncommon. Due
to the still short observation periods realistic outcome

estimations cannot be made yet. Nevertheless allograft-
ing with reduced intensity conditioning is a promising
new therapeutic option and hopefully its true position in
the treatment of haematologic and oncologic diseases will
become more clear in the next future.
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The increasing evidence that alloreactivity of
donor immune cells is essential for the control or
eradication of the host tumour cells has in the last
few years led to the development of a totally new
concept of allogeneic haematopoietic stem cell
transplantation: the reduction of the intensity of
preparing regimens while maintaining a level of
immunosuppression high enough for the engraft-
ment of donor stem cells. Engraftment can take
place either by the achievement of complete
haematopoietic chimerism or by mixed chimerism
with supposed host-versus-graft and graft-versus-
host tolerance, subsequently resulting in complete
chimerism, either with or without the addition of
DLI [15].

Thus, in malignant diseases the main effect of

this procedure is based on posttransplant exertion
of the GvL or GvT effect. If the first course was
unsuccessful additional transfusions of immuno-
competent DLI could be administered to eradicate
residual malignant host cells. In non-malignant
diseases even partial replacement of the diseased
bone marrow by normal haematopoietic stem cells
(mixed chimerism) would result in cure [15]. It was
postulated that reducing the intensity of the con-
ditioning regimen may be associated with less tox-
icity and GvHD. Hence a lower transplant-related
mortality and better overall survival could be ex-
pected. This would allow transplantation in elderly
patients and in those with comorbidities not qual-
ifying for standard dose conditioning stem cell
transplantation.
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The new concept

General remarks on reduced-intensity regimens

Myelotoxic agents
Nearly all of the reduced-intensity condition-

ing regimens are based on purine analogues
(mostly fludarabine) (Table 1), known to be potent
T-cell immunosuppressive agents with low myelo-
toxicity. Purine analogues are combined with a va-
riety of other cytotoxic agents such as melphalan,
cyclophosphamide, Ara-C, idarubicin, busulfan etc.

The goal of this combination chemotherapy is,
first, to induce enough immunosuppression to
allow successful engraftment and, second, to exert
some pretransplant cytotoxic antitumour activity.

Pretransplant immunosuppressive agents
Some investigators add antithymocyte globu-

lin (ATG) to conditioning regimens [12] with the

aim of better engraftment and less GvHD due to
in vivo T-cell depletion. 

Storb et al. [14, 15] even based their prepara-
tive regimen on low single-dose total body irradi-
ation (TBI, 2 Gy) only. Previously they were able
to show in a dog model [13] that single-dose TBI
exerts enough immunosuppression, in combina-
tion with intensified posttransplant immunosup-
pression with cyclosporine A and mycophenolate
mofetil, to allow donor stem cell engraftment with
only minimal or absent myelotoxicity. Because
they observed a high degree of mixed haematopoi-
etic chimerism and graft rejection, especially in
pretransplant immunocompetent patients or in
other than HLA-identical sibling grafts, fludara-
bine was recently added prior to TBI [16].

Regimen reference

Fludarabine 30 mg/m2 � 4, cytosine arabinoside 2 g/m2 � 4, idarubicine 12 mg/m2 � 3 [22, 23]

2-chlorodeoxyadenosine 12 mg/m2 � 5, cytosine arabinoside 1 g/m2 � 5 [22, 23]

Fludarabine 30 mg/m2 � 4, melphalan 140–180 mg/m2 �1 [22, 23]

2-chlorodeoxyadenosine 12 mg/m2 � 5, melphalan 180 mg/m2 �1 [23]

Fludarabine 30 mg/m2 � 3–5, cyclophosphamide 300–1000 mg/m2 � 2–3 [21, 23]

Fludarabine 30 mg/m2 � 2, cytosine arabinoside 500 mg/m2 � 2, cisplatin 25 mg/m2 � 4 [21]

Fludarabine 30 mg/m2 � 6, busulfan 4 mg/kg � 2, antithymocyte globulin 10 mg/kg � 4 [12, 23]

Cyclophosphamide 50 mg/kg � 4, antithymocyte globulin15–30 mg/kg � 3–4 pre-/posttransplant,
thymic irradiation 7 Gy � 1 [24]

Fludarabine 25 mg/m2 � 5, cyclophosphamide 60 mg/m2 � 2 [1]

Single-dose TBI (200 cGy) ± fludarabine (30 mg/m2 � 3) [15, 16]

Table 1

Reduced intensity
conditioning 
regimens.

Selected specific reduced-intensity regimens and clinical results

Reduced-intensity conditioning HSCT is a
fast growing field in which numerous clinical
groups are now active. Most have designed their
own preparative regimens. However, many are
very similar to each other and it is beyond the scope
of this review to discuss all of them. Therefore,

only regimens were selected which included a con-
siderable number of patients and follow-up data.
Note that many of the data presented are only pub-
lished in abstract form or as reviews. The specific
regimens are shown in Table 1 and the correspon-
ding clinical results in Table 2.
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Regimen disease (n) median TRM GvH engraftment outcome reference
see Table 1 (range) (chimerism)

years

1 + 2 AML (22) 61 1/25 5 � grade II-IV 10/15 overall survival 28% [23]
MDS (3) at 1 year

1 CML (9) 55 1/9 1 grade IV 7/9 ? [23]

3 + 4 AML (34) 52 36/86 ? 52/86? overall survival 29% [23]
MDS (9) at 2 years
CML (27)
ALL/NHL (16)

5 + 6 CLL (6) 55 1/15 3 � grade II 11/15 overall survival 50% [21]
Richter sy. (2) (45–71) 1 � grade IV at 1 year, median 
NHL (7) follow-up 180 days

5 HD (10) 36 1/23 10/23 grade I-III 14/23 (complete) 16/23 alive [23]
NHL (5) (19–60) 3/23 grade III 7/23 (mixed) median follow-up
Breast cancer (4) 2/23 rejected 330 days
CML (2)
MDS (2)

7 AML (8) 31 4/26 8 � grade I-II 17/25 (complete) overall survival 85% [12, 23]
ALL (2) (1–61) 4 � grade III-IV 9/25 (partial) at 8 months
CML (8) 9/25 cGvH (complete after
NHL (2) ciclosporin
MDS (1) withdrawal)
MM (1)
Genetic dis. (4)

8 NHL (5) 30 2/5 5 � grade II-III 4/5 1/5 CR at d 460 [24]
(20–51) (mixed) 1/5 PR at d 103

9 Renal cell 58 2/19 7 � grade II 19/19 3/19 CR [1]
carcinoma (19) (37–65) 1 � grade III (mixed) (alive at d 474–831)

2 � grade IV 4/19 PR 
4 � cGvH (alive at d 287–582)

3/19 PR 
(died at d 155-203)

10 AML (11) 56 3/46 36% 9/46 rejection ? [14]
CML (8) (31–72) grade II-IV
CLL (8)
MM (8)
HD (4)
NHL (3)
ALL (1)
MDS (1)
breast cancer (1)
amyloidosis (1)

Table 2

Clinical data.

Stem cell source and indications for reduced-intensity haematopoietic 
stem cell transplantation

Most of the transplants have been performed
with cytokine-mobilised peripheral blood stem
cells and a minority with bone marrow. Presently
no data exist on whether the different stem cell
sources are comparable in terms of engraftment
and outcome. 

The indications are the same as for conven-
tional allografting but may include older or co-
morbid patients. The results seen in small studies
of patients allografted for solid organ tumours are
promising [1] but clearly more evidence is needed
before this indication can be generally recom-
mended.

Engraftment

Engraftment with complete donor-type
chimerism in reduced-intensity conditioned allo-
grafts can either take place relatively early in the
posttransplant course or be delayed by transition
through a state of mixed chimerism that converts,
either spontaneously or with the addition of DLI
or by withdrawal of immunosuppression, into
complete chimerism [12, 15]. Some recipients may
remain long-term mixed chimeras, whereas others

will even reject their grafts [17]. Therefore, fre-
quent determination of the chimerism patterns by
PCR or cytogenetics is warranted for early detec-
tion of graft failure.

Engraftment is believed to be dependent on
the following factors:
– the host: pretreated patients show better en-

graftment than previously untreated patients
(e.g. CML or MDS) [17].



– intensity of the conditioning regimen: higher
intensity regimens are more effective in terms
of engraftment but are more toxic.

– the graft: HLA-identical sibling transplants
have better engraftment than HLA-mismatched
sibling or unrelated matched grafts [17].

– peri- and posttransplant immunosuppression:
more intense immunosuppression (ATG, my-
cophenolate mofetil) may enhance engraft-
ment, while early discontinuation may convert
mixed into complete chimerism.

It is believed that antitumour activity of the
graft is optimal when engraftment is complete.
Therefore, delayed complete chimerism – espe-
cially in fast-growing malignancies – may be detri-
mental, whereas this does not seem to be essential
in non-malignant diseases where even partial en-
graftment allows correction of the underlying disor-
der [14, 15].

Allogeneic haematopoietic stem cell transplantation with reduced intensity conditioning regimens (“minitransplants”) 62

Posttransplant complications

The aim of low-intensity conditioning
haematopoietic stem cell transplantation is reduc-
tion of posttransplant complications and conse-
quent lowering of transplant-related mortality. Up
to now this goal seems to have been achieved
(Table 2). Nevertheless, all of the posttransplant
complications occurring in conventional allografts
have in fact been observed in reduced-intensity
haematopoietic stem cell transplantation:

Graft-versus-host disease
Initially it was supposed that the incidence and

severity of acute GvHD would be lowered in re-
duced-intensity conditioning allotransplants due
to less cytokine activation and a transient state of
mixed chimerism [18, 19] with host-versus-graft
and graft-versus-host tolerance. Unfortunately
there is growing evidence that the incidence of
acute GvHD, although probably delayed by about
20–30 days [1], is not very different from that in
conventional transplants (Table 2). Acute GvHD
often seems to occur after sudden withdrawal of
immunosuppressive therapy or after donor lym-
phocyte infusion [12] converting mixed to com-
plete haematopoietic chimerism. This has led
some authors to intensify posttransplant immuno-
suppression by the addition of short-course, low-
dose methotrexate and/or by prolonged adminis-
tration of cyclosporine A (Shimon Slavin, 3rd In-
ternational Symposium on Allogeneic Peripheral
Blood Progenitor Cell Transplantation; Montreux
November 2000) and to withhold DLI in patients

with active acute GvHD. Observation periods are
still too short to estimate the true incidence of
chronic GvHD, but many cases have already been
described.

Furthermore, in allotransplants for solid tu-
mours [1] and malignant lymphoma [20] at any
rate, there seems to be a correlation between the
occurrence of clinically significant acute GvHD
and a tumour response. 

Nevertheless, in view of the delayed occur-
rence of GvH disease, it is suggested that when the
patient’s condition is more stable the treatment of
GvH disease could be more easily achieved with
fewer adverse effects.

Infectious complications
Infectious complications remain a problem

after reduced conditioning allografting. Life-
threatening bacterial and fungal diseases may
occur. CMV reactivation and disease have also
been observed, but with a lower incidence and
severity than in conventional transplants [21].

Other complications
Some cases with veno-occlusive disease of the

liver have been described. They primarily occur
with the more intensive reduced conditionings and
most were reported to be mild [12]. 

So far no pulmonary haemorrhages, idiopathic
interstitial pulmonary syndromes or other rare
complications have been observed. 

Outcome

Due to the diversity of reduced-intensity con-
ditioning regimens covering various haematolog-
ical malignancies with different disease states, non-
malignant haematological diseases and even solid
tumours, and also in view of the short observation

periods, realistic estimations of overall survival,
disease-free survival and relapse rate are not pos-
sible at present (Table 2). Larger studies with com-
parable or better identical preparative regimens in
single diseases are needed.
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Discussion

Conventional haematopoietic stem cell trans-
plantation is an established procedure that results
in long-term disease free survival in many patients
with high-risk haematological malignancies, severe
aplastic anaemia, haemoglobinopathies and severe
immunodeficiency syndromes. Due to intensive
(myeloablative) preparative regimens, which have
been shown to reduce relapse incidence in surviv-
ing patients [4], transplant-related mortality, espe-
cially in older patients and those with a reduced
performance status, is high and remains a major
problem. The observation that haematopoietic 
engraftment can be achieved through different,
mostly non-myeloablative conditioning regimes
(Table 1) with variable intensity has led to the in-
novative concept of reduced-intensity allografting.
The goal of this therapeutic approach is to reduce
regimen-related toxicity and peritransplant mor-
tality while retaining or even intensifying the
graft-versus-tumour effect (DLI, early withdrawal
of posttransplant immunosuppression). 

There is now increasing evidence that trans-
plant related mortality (at least in the first 30 to 100
days) can be reduced (Table 2) to about half of that
expected from conventional transplants. But acute
GvHD, though delayed, remains a considerable
problem (Table 2), leading to significant morbid-
ity and mortality during the first 100 days or even
later. Whether there are significant differences be-
tween the various reduced-intensity conditioning
regimens in the occurrence of transplant related
mortality and acute GvHD is a question to be eval-
uated in future trials. In addition, bacterial, fungal
or opportunistic infections either during neu-
tropenia or as sequelae of GvHD and its treatment
remain a severe problem [21]. 

A higher incidence of graft rejection compared
to conventional transplants has been described,
depending on the intensity of the conditioning
used: very low intensive preparation regimens re-
sult in rapid autologous haematopoietic reconsti-
tution without significant bone marrow aplasia oc-
curring, while more intense regimens may lead to
long-term bone marrow aplasia. The rate of mixed
or complete haematopoietic chimerism is expected
to depend on the intensity of the conditioning reg-
imen. Less intensive preparative regimens will re-
sult more frequently in mixed chimerism and vice
versa. It should be emphasised that in many stud-
ies engraftment is merely defined as a spontaneous
rise in granulocytes and platelets above a defined
threshold and not linked to the existence of com-
plete haematopoietic chimerism. 

There is, however, no doubt that at least some
patients will remain long-term mixed haematopoi-
etic chimeras, a state that is believed to be curative

for most non-malignant haematological disorders
but probably only for a minority of malignant dis-
eases. Evidence that even mixed chimerism can
result in complete remission of malignant lym-
phoma, at any rate in HLA mismatched reduced
conditioning transplants, has recently been pro-
vided by Sykes et al. [24]. In these cases very long
follow-up periods are warranted in order to deter-
mine late toxicity and efficacy of the reduced con-
ditioning regimens. Secondary myelodysplastic
syndromes and acute myeloid leukaemias due to
residual host haematopoietic cells previously dam-
aged by the preparative (TBI containing?) regimen
must be considered in particular.

Because highly variable reduced-intensity pre-
parative regimens in patients with different pre-
dominantly haematological diseases (Table 2) have
been used and the observation periods are still
short, no firm conclusions on the long-term out-
come (overall survival, disease-free survival and re-
lapse incidence) can be drawn. Hopefully, reduced
transplant-related mortality will not be out-
weighed by higher relapse rates. Future large 
trials should compare the efficacy of the different
reduced-intensity regimens in the various disease
categories, in order to define the optimal cyto-
reductive and immunosuppressive regimens en-
suring the best overall survival. 

In conclusion, reduced-intensity conditioned
allografting may be a promising new therapeutic
approach. But until more data from prospective
clinical trials or large registries are available to re-
solve the remaining questions, this therapy should
in my opinion be reserved for patients with well
defined, established indications for a haematopoi-
etic stem cell graft who do not qualify for conven-
tional transplantation (elderly patients, severe co-
morbidities). New indications (e.g. solid tumours)
should be tested only in appropriate clinical trials.
In view of the severe complications seen in re-
duced-intensity conditioned allografts, the term
“miniallotransplants” is misleading and should be
avoided [25].
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