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Background and Objectives. We studied the toxici-
ty and efficacy of reduced intensity conditioning fol-
lowed by allogeneic stem cell transplantation in 50
patients over 50 years old or with relative con-
traindications against myeloablative regimens.
Diagnoses were chronic myeloid leukemia (n=15),
acute myeloid leukemia (n=9), myelodysplastic syn-
dromes (n=9), lymphoma (n=11) and refractory sol-
id tumors (n=6).

Design and Methods. Donors were identical siblings
(n=25), non-identical family members (n=6) and
unrelated volunteers (n=19). Peripheral blood stem
cells (n=36) or bone marrow (n=14) were trans-
planted. The conditioning regimen consisted of flu-
darabine 180 mg/m2, busulphan 8 mg/kg and rab-
bit antithymocyte globulin 40 mg/kg (Fresenius).
Graft-versus-host disease (GVHD) prophylaxis was
carried out with cyclosporin A (CSA) alone (n=17)
or in combination with methotrexate (n=18) or
mycophenolate mofetil (n=15).

Results. Neutrophil counts >0.5/nL and platelet
counts > 20/nL were reached after 17 (range 0-66)
and 19 days (range 0-111), respectively. Three graft
failures occurred. Fever lasted for a median of 2 days
(range 0-15). Six patients developed veno-occlusive
disease of the liver. Acute GVHD grade II-IV occurred
in 47% of the patients and chronic GVHD in 46%.
The 1-year overall survival probability was 44% (95%
CI: 30-58%). GVHD-related complications were a
major cause of the probability of 1-year non-relapse
mortality of 31% (95% CI: 16-46%).

Interpretation and Conclusions. In conclusion, the
regimen itself can be carried out safely in patients
with relative contraindications against myeloabla-
tive conditioning. However, GVHD causes significant
non-relapse mortality in high risk patients.
©2002, Ferrata Storti Foundation
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In 1998, Slavin et al. published data on 26
patients who received hematopoietic stem cell
transplants (SCT) after dose-reduced condition-

ing treatment.1 They observed the development of
a stable chimerism in all patients without early pro-
cedure-related mortality and successful eradication
of malignant and genetically abnormal hematopoi-
etic cells in the host. Severe graft-versus-host dis-
ease (GVHD) after early discontinuation of
cyclosporin (CSA) was the only major complication.
However, the median age in this group of patients
was low (32 years, range 1-56 years) and four
patients did not suffer from malignant diseases. We
adopted the protocol for patients with relative con-
traindications against the use of a myeloablative
regimen because of age, precedent autologous
transplantation or significant comorbidity. Thereby,
we investigated whether the excellent tolerability
could be reproduced in a larger group of high risk
patients. This report focuses on toxicity, GVHD and
clinical outcome.
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Design and Methods

Patients
Between March 1998 and September 2000, 50

patients were transplanted at the Charité, Campus
Virchow Klinikum, Berlin and the Universitäts-
Krankenhaus Eppendorf, Hamburg. Their median
age was 50 years (range 20-64 years). Twenty-six
patients were male and 24 female. Diagnoses were
chronic myeloid leukemia (n=15), acute myeloid
leukemia (n=9), myelodysplastic syndromes (n=9),
malignant lymphoma (n=11), refractory germ cell
cancer (n=5) and breast cancer (n=1). All patients
had at least one relative contraindication against
a conventional myeloablative conditioning regi-
men. Twenty patients (40%) had received prior
high-dose therapy and autologous stem cell trans-
plantation. Infections were a contraindication in
19 patients (38%): a history of recent invasive fun-
gal infection (n=9), tuberculosis (n=2), toxoplas-
mosis (n=1), neutropenic fever at the beginning of
conditioning therapy (n=3), chronic osteomyelitis
(n=1), post-stenotic pneumonia (n=2) and chron-
ic hepatitis B (n=1). Twenty-two patients (44%)
had medical contraindications mostly related to
cardiovascular diseases or to extensive cytotoxic
pretreatment.

Donors
Donors were 25 HLA-identical siblings, 6 non-

HLA-identical family members, 16 matched unre-
lated donors and 3 unrelated donors with one
minor mismatch. Twenty-five CMV-seronegative
patients had 15 seronegative and 10 seropositive
donors. Among 25 CMV-seropositive patients, 12
had seropositive donors and 13 had seronegative
donors.

Preparative regimen and stem cell products
The conditioning regimen consisted of fludara-

bine (180 mg/m2), busulphan (8 mg/kg) and rabbit
antithymocyte globulin (ATG) (40 mg/kg, Fresenius
Inc.) as published by Slavin in 1998. Granulocyte
colony-stimulating factor (G-CSF)-mobilized peri-
pheral blood stem cells (PBSC) were transplanted
in 36 patients. The median count of CD34+ cells in
PBSC-products was 5.2×106 CD34+ cells/kg (range
2.2-12.6×106). Fourteen patients with unrelated
donors received bone marrow (BM) with a median
count of mononuclear cells (MNC) of 1.2×108 MNC
/kg (range 0.7-4.4×108).

Supportive care and GVHD prophylaxis
Supportive care was carried out in a center-spe-

cific manner. In brief, for infection prophylaxis
patients received oral quinolones and amphotericin

B suspension. Empiric antibiotic treatment for neu-
tropenic fever consisted of broad-spectrum antibi-
otics. Intravenous amphotericin B was added for
refractory neutropenic fever or if fungal infection
was suspected or documented. In order to control
allergic reactions to ATG infusion, patients received
prophylactic intravenous medication consisting of
pethidine 100 mg, ranitidine 50 mg, dimethynden-
maleate 4 mg and prednisolone 100 mg. GVHD pro-
phylaxis was carried out with CSA alone (n=17),
CSA plus short course methotrexate (MTX) (n=18)
or CSA plus mycophenolate mofetil (MMF) (n=15).
Red blood cell transfusions were given to maintain
a hemoglobin level of 8 g/dL and single donor
platelet concentrates were transfused to keep a
platelet count of 10/nL in afebrile patients, and of
20/nL in febrile patients.

Chimerism studies
Donor chimerism in the peripheral blood was ana-

lyzed every week during the first three months using
a multiplex-polymerase chain reaction (PCR).2

Definitions
Toxicity was graded according to the Common

Toxicity Criteria, applying the special items for bone
marrow transplantation. A diagnosis of veno-occlu-
sive disease (VOD) of the liver was made according
to the Baltimore criteria.3 GVHD was graded accord-
ing to common clinical criteria.4 GVHD persisting
beyond day +100 or de novo GVHD occurring after
day +100 was classified as chronic GVHD. We
defined non-relapse mortality as death not related
to progression of the malignant disease.

Statistical analysis
All data were computed with SPSS statistical

software (SPSS Inc., Chicago, Illinois, USA). Com-
parisons of groups regarding mucositis and GVHD
were performed with the χ2 and Fisher’s exact test.
Multivariate analysis of risk factors for GVHD was
carried out with a binomial logistic regression
model. Kaplan-Meier product-limit estimates were
used to analyze overall survival, treatment-related
death and the cumulative incidence of GVHD. For
the analysis of treatment-related death and of the
incidence of GVHD, surviving patients and patients
who died from relapse were censored at the day of
last follow-up.

Results

Cytopenia, transfusion requirements
Forty-seven patients were evaluable for engraft-

ment, while three patients died before day +14.
Neutrophil counts >0.5/nL were reached after a
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median of 17 days (range 0-66) and platelet counts
>20/nL after 19 days (range 0-111). Three patients
(6%) did not experience neutropenia <0.5/nL at all,
while 14 patients (30%) had neutrophils <0.5/nL
lasting for ≥20 days. Seven patients (15%) did not
show thrombocytopenia <20/nL, while 15 patients
(32%) had platelets <20/nL lasting for ≥20 days.
Until day +30, a median number of 9.5 red blood
cell concentrates (range 0-24) and 6 single donor
platelet apheresis concentrates (range 0-30) were
given. One patient did not require red blood cell
transfusions and 9 patients (18%) did not need
platelet support.

Chimerism and engraftment failures
The conditioning regimen enabled fast conver-

sion to complete overall donor chimerism as shown
in Figure 1. Primary graft failure occurred in one
patient (UPN 800) with chronic myeloid leukemia,
who received bone marrow from a matched unre-
lated donor. After reconditioning and intensified
immunosuppression a second transplant from the
same donor engrafted successfully. We observed
two secondary graft failures (UPN 848 and 556).
Both patients engrafted and reached full donor
chimerism within 4 weeks. However, CMV-reacti-
vation and treatment with ganciclovir might have
contributed to secondary graft failure and fatal
infectious complications.

Infections
Between day 0 and day +30, patients had a medi-

an of 2 days (range 0-15) with fever of more than
38°C. Twelve patients (24%) did not develop fever
at all. There was one fatal infection during the first
30 days in a patient with refractory acute myeloid
leukemia. Nine patients died due to infectious com-
plications at a median of 146 days (range 11-252)
after transplantation. Causative micro-organisms
were: CMV (n=1), Toxoplasma gondii (n=1), asper-
gillus species (n=2) and unknown organisms (n=5).
CMV-reactivation as detected by antigenemia
and/or PCR was observed in 16 patients (32%). Two
of these patients presented with CMV-hepatitis and
one with CMV-pneumonia.

Acute side-effects of cytostatic treatment
Chemotherapy induced mild, short-lasting nau-

sea and vomiting. One patient experienced grade III
vomiting. Application of ATG caused fever and rig-
ors together with tachycardia and tachypnea,
which required additional intravenous medication
and therefore was classified as grade III allergic
toxicity in 18 patients (36%).

Mucositis, liver and urogenital toxicity
The severity of mucositis was associated signifi-

cantly with the use of MTX as GVHD-prophylaxis.
Twelve out of 19 patients (63%) with MTX as GVHD
prophylaxis, compared to 4 out of 32 patients
(12.5%) without MTX, experienced grade III/IV
mucositis (Fisher’s exact test, p<0.001). Regarding
the criteria for veno-occlusive disease (VOD), an
increase of bilirubin ≥2 mg/dL was documented in
32/50 patients within the first 30 days. Weight
gain of >5% of body weight was seen in 13
patients, hepatomegaly in 10 patients and liver
tenderness or pain in 9 patients. A diagnosis of
VOD according to the Baltimore criteria was made
in 6 patients (moderate, n=4; severe, n=2). During
the first 30 days after transplantation 4 patients
had an increase in creatinine ≥2 mg/dL. This was
related to major ABO incompatible bone marrow
transfusion in one patient and to infection and
antibiotic treatment in three patients. Mild to
moderate hemorrhagic cystitis occurred in 5
patients with grade II/III dysuria and grade II hema-
turia.

Acute and chronic GVHD
Acute GVHD grade II–IV was observed in 22 of 47

evaluable patients (47%) and acute GVHD grade
III-IV in 5 patients (11%). The median onset of
acute GVHD was on day +24 (range 12-94) after
transplantation. Patients frequently showed clini-
cal features of acute and chronic GVHD simulta-
neously. Limited chronic GVHD was seen in 10 of
41 evaluable patients (24%), while 9 patients
(22%) suffered from extensive GVHD. Chronic
GVHD occurred almost always (16/19) in patients
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Figure 1. Development of overall donor chimerism: median
value (boxes) and 25-75% quartile ranges (whiskers) are
indicated.
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who had suffered already from acute GVHD. Onset
and cumulative probability of acute and chronic
GVHD are shown in Figure 2. The addition of short
course MTX or MMF to CSA as GVHD-prophylaxis
resulted in a significant reduction in acute GVHD
grade II-IV (p=0.012) and GVHD (p=0.047) (Table
1). In a multivariate analysis of the impact of the
combined prophylaxis compared to CSA alone,
including match status (HLA-identical siblings vs.
non-identical donors) and graft type (BM vs PBSC),
only the type of GVHD prophylaxis was associated
with the incidence of GVHD. For acute GVHD grade
II-IV the relative risk of CSA alone compared to
combined prophylaxis with MTX and MMF was 8.2
(95% CI: 1.9-35.7, p=0.005) and for chronic GVHD
the relative risk of CSA alone was 5.4 (95% CI 1.2-
25.1, p=0.029).

Response
Twelve out of 15 patients with chronic myeloid

leukemia achieved molecular remissions, demon-
strated by nested PCR for the bcr/abl hybrid mRNA.
The two patients with refractory acute myeloid
leukemia had no response. Among 9 patients with
myelodysplastic syndrome, complete remissions
were achieved in 4 patients. Four out of 11 patients
with malignant lymphoma transplanted in refrac-
tory or relapsed disease achieved a complete remis-
sion. Out of 6 patients with advanced stages of
germ cell cancer (n=5) or breast cancer (n=1) only
one patient experienced a partial remission.

Mortality and causes of death
After a median observation period of 21 months

(range 14–31), 20 patients are alive and 30
patients have died. Causes of death were disease

progression in 16 patients and treatment-related
complications in 14 patients. The overall survival at
1 year was 44% (95% CI: 30-58%). The probabil-
ity of overall survival at 2 years was 39% (95% CI:
25-53%) (Figure 3). The probability of non-relapse
mortality was 11% (95% CI: 2-20%) at day +100,
31% (95% CI: 17-45%) at 1 year and 35% (95%
CI: 19-51%) at 2 years after transplantation (Fig-
ure 4). Treatment-related death occurred a medi-
an of 171 days after transplantation (range 9-537)
and GVHD was regarded as the underlying cause of
death in 11 patients (78.5%). Table 2 shows the
causes of death in detail.

Discussion
During the last three years several conditioning

regimens of reduced dose-intensity in conjunction
with allogeneic stem cell transplantation have
been studied.1,5,6 Development of complete donor
chimerism and the induction of a graft-versus-
malignancy effect were shown in patients with

Table 1. Numbers of patients with acute and chronic GVHD.

n= aGVHD grade 0-I aGVHD grade II-IV

CSA-mono 16 4 12 
 p=0.012

CSA+MTX/MMF 17/14 11/10 6/4 

n= no cGVHD cGVHD

CSA-mono 15 5 10 
 p=0.047

CSA+MTX/MMF 15/11 10/7 5/4 

Figure 2. Probability of acute and de novo chronic GVHD (all
grades).

Figure 3. Probability of overall survival.



various hematologic malignancies.7,8,9 Preliminary
results suggest that the toxicity and morbidity of
reduced dose-intensity conditioning in the context
of allogeneic stem cell transplantation is lower
than that of classical intensive conditioning regi-
mens. There is hope that these new regimens will
make allogeneic transplantation applicable to old-
er patients and to patients with relative con-
traindications against myeloablative treatment.
Our aim was to reproduce the favorable data of
Slavin et al. which were obtained in a group of 26
patients with a median age of 32 years suffering
from malignant and non-malignant diseases.1 We,
therefore, studied engraftment and toxicity of allo-
geneic transplantation after conditioning with flu-
darabine, busulphan and ATG in patients with a
median age of 50 years (range 20-64) and relative
contraindications to myeloablative conditioning
regimens. We observed no primary graft failure in
24 patients who received grafts from HLA-identi-
cal siblings and one primary graft failure in 23
patients with non-identical related donors or unre-
lated donors. This is in accordance with data from
Slavin and Nagler who observed a 100% rate of
engraftment in 54 HLA-identical sibling and 16
matched unrelated transplantations and indicates
that the regimen provides intensive immunosup-
pression.10,11

The introduction of dose-reduced conditioning
nourished the hope that patients would experience
less GVHD after reduced intensity conditioning.12, 13

This was based on the hypothesis that less tissue
injury would occur due to lower doses of cytotoxic
agents and that the induction of mixed chimerism
could reduce the incidence of GVHD.14, 15 Regarding

our data, we found acute GVHD grade II-IV in 47%
and chronic GVHD in 46% of our patients. Allo-
geneic transplantation after myeloablative regi-
mens in high-risk patients led to rates of acute
GVHD grade II-IV between 55 and 85%.16,17, 18,19

Regarding non-myeloablative allogeneic trans-
plants in high-risk patients with HLA-identical
related donors, the Seattle team reported rates of
47 % for acute GVHD grade II-IV and of 74 % for
chronic GVHD.6 Our data are within this range.
Thus, today no empirical evidence exists that
reduced dose-intensity conditioning is associated
with a lower incidence and severity of GVHD.

Despite our patients’ high risk of infectious com-
plications at study entry, fatal infections during the
first 30 days after transplantation were rare in our
trial (2%) compared to the early infectious mor-
tality rate of between 10-20 % after dose inten-
sive conditioning regimens.16,20 However, regarding
the whole follow-up period fatal infections
occurred in 9 patients (18%) who were free from
progression of their malignant disease. Apart from
one patient, all of them suffered from GVHD. This
comparatively high incidence of fatal infections
during the first year after transplantation leads to
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Table 2. Causes of non-relapse mortality.

UPN Primary Secondary Final Day
cause cause event

10014 HIT − myocardial 9
infarction

727 VOD − aspergillosis 11
556 GVHD CMV-reactivation, toxoplasmosis 90

secondary graft-failure
toxoplasmosis

10017 GVHD − aspergillosis 92
848 VOD CMV-reactivation, sepsis 106

secondary graft-failure
876 GvHD CMV-hepatitis sepsis 146
698 GvHD ITP, toxoplasmosis intracranial 159

bleeding
10002 GvHD COPD CMV-pneumonia 183
10006 GvHD − liver-failure 218
728 GvHD COPD, ITP lung-bleeding 229
806 GvHD MAHA sepsis 241
792 GvHD − sepsis 247
775 GvHD restrictive pulmonary pneumonia 252

disease
724 GvHD ITP intracranial 537

bleeding

HIT=heparin-induced thrombocytopenia; VOD=veno-occlusive disease of the liver;
ITP=idiopathic thrombocytopenic purpura; COPD=chronic obstructive pulmonary
disease; MAHA=micro-angiopathic hemolytic anemia.

Figure 4. Probability of non-relapse mortality.



the suggestion that the immune system is heavily
compromised during the first year even after
reduced intensity conditioning. First of all, this
might be a result of the high incidence and sever-
ity of acute and chronic GVHD. Although our day
+100 mortality was low, there was a 31% proba-
bility of non-relapse mortality at 1 year and a 35%
one at 2 years. Again, our observations correspond
with data obtained in older patients and patients
who were transplanted after failure of a first autol-
ogous transplant.16,17, 19,20,21 Childs et al. studied 84
consecutive patients after non-myeloablative allo-
geneic stem cell transplantation.22 They found an
overall survival of 34 % with a non-relapse mor-
tality of 36 % in patients ≥49 years. Similar to our
observations, non-relapse mortality was associat-
ed with GVHD. A non-relapse mortality of 6.7 %
after a median follow-up of 417 days was observed
by McSweeney et al. in older patients with hema-
tologic malignancies after conditioning with 200
cGy total body irradiation and CSA/MMF after HCT.
Although the incidence and severity of GVHD were
comparable to those in our patients, GVHD-relat-
ed mortality was much lower. This advantage might
be explained partly by the transplantation strate-
gy. However, the two groups of patients differ in
many aspects.

Our data suggest that a GVHD-prophylaxis con-
sisting of cyclosporin A combined with short course
MTX or MMF lowers the incidence of acute and
chronic GVHD compared to that following
cyclosporin A alone, as published by Slavin et al.1
However, the number of patients included in this
trial was too small to analyze outcome variables
such as disease-specific response rates and overall
survival in relation to the applied GVHD prophy-
laxis. Thus, it is not known whether the reduction
of GVHD translates into a survival benefit. In con-
clusion, the combination of fludarabine, busulphan
and ATG proved to be a conditioning regimen with
little drug toxicity even in high-risk patients and
allows for stable donor cell engraftment. However,
the predominant problem was the occurrence of
acute and chronic GVHD which caused significant
non-relapse mortality during the first year after
transplantation. The focus of future investigations
should, therefore, be the prevention of GVHD and
the search for more effective measures against it
without abrogating a graft-versus-malignancy
effect. In this context, stimulation of tumor-spe-
cific T-cell activity instead of the induction of glob-
al alloreactivity would be desirable.
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What is already known on this topic
Hematopoietic transplantation after reduced intensity
conditioning regimen is a feasible option in patients not
candidates for conventional transplants.

What this study adds
This study confirms previous experiences on this subject.
Interestingly, this approach may be safely performed
using unrelated donors and marrow as stem cell source.

Potential implications for clinical practice
Graft-versus-host disease prophylaxis should include the
combination of two immunosuppresive drugs. This
approach may be extended to transplants from unrelat-
ed donors.
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