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Background and Objective. There are several thera-
peutic options for patients with myelodysplastic syn-
drome (MDS) but most of them are poorly effective
and the potentially curative ones are available only for
a minority of individuals. The aim of this article is to
define a rational basis for a patient-oriented approach
to treatment of MDS.

Evidence and Information Sources. All four authors
have done clinical studies of treatment of MDS,
including stem cell transplantation, intensive and low-
dose chemotherapy, and use of hematopoietic growth
factors. They also participated in the Fourth Interna-
tional Symposium on MDS (Barcelona, 24-27 April
1997). In addition, the present review critically exam-
ines relevant articles and abstracts published in jour-
nals covered by the Science Citation Index® and Med-
line®.

State of the Art and Perspectives. At present, the only
two treatments that can prolong survival are allo-
geneic stem cell transplantation (SCT) and intensive
chemotherapy, but only a minority of MDS patients
can really benefit from them. The heterogeneity of
MDS patients, the wide variety of patient inclusion cri-
teria and transplant procedures used, and relatively
small numbers of patients in the individual reports of
allogeneic SCT make it difficult to draw many defini-
tive conclusions. However, approximately 40% of
patients with MDS who are eligible for allogeneic SCT
are likely to be cured by this treatment. Intensive
chemotherapy with a combination of cytosine arabi-
noside and an anthracycline should be offered to all
patients with an increase in bone marrow blasts who
are not eligible for allogeneic SCT, especially those
patients up to 65 years of age. Complete remission
rates are similar to those obtained in patients with
acute myelogenous leukemia, but probability of long-
term survival is low. The remaining treatments vali-
dated in clinical trials (erythropoietin and/or granulo-
cyte colony-stimulating factor, low-dose cytosine ara-
binoside) can improve the efficiency of hematopoiesis
in subsets of patients. Responsive individuals might

experience an improvement in quality of life but very
few studies have addressed this question so far. The
majority of MDS patients still rely upon supportive
therapy. A clinical decision path based on findings of
clinical trials and the patient’s expectations can help
physicians in decision making. Because of the inade-
quacies of all current treatment modalities, participi-
ation in clinical trials should always be encouraged.
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Recent papers in this journal have analyzed the
pathogenesis and clinical features of myelo-
dysplastic syndromes (MDS).1-5 For the pur-

pose of this article on the therapy of MDS, the fol-
lowing two points need to be recollected:

a) MDS are clonal disorders of hematopoiesis in
which peripheral blood cell production is inefficiently
sustained by hematopoietic progenitors belonging
to the abnormal clone(s).1 A few observations indi-
cate that the normal hematopoietic stem cell reser-
voir may be preserved early after diagnosis,6 but
undergoes decline with time, so that most patients
with long-lasting, advanced disease would have very
few normal residual stem cells left;

b) Although the disease progression is highly vari-
able from patient to patient, the International Prog-
nostic Scoring System  (IPSS)7 provides an improved
method for evaluating prognosis in individual MDS
patients, as long as they remain untreated.   

The list of therapeutic options available for MDS
patients is as long as the list of names previously used
for defining these conditions.8 Unfortunately most of
these therapeutic tools are poorly effective, especially
when given to unselected patient populations, while
the potentially curative ones (see later) are available
only for a minority of individuals. Facing an individ-
ual patient with MDS and bearing the above con-
siderations in mind, as clinicians we first have to
define treatment objectives. We basically have three
choices: 

1) to avoid any manipulation of hematopoiesis



and just rely upon supportive therapy;
2) to stimulate normal residual hematopoietic

progenitors and/or improve the efficiency of the
myelodysplastic hematopoiesis;

3) to eradicate the myelodysplastic clone and
restore a normal (autologous or allogeneic) poly-
clonal hematopoiesis.

We will first consider the single therapeutic options
within each of the above categories and then shall pro-
pose a patient-oriented approach to MDS therapy.

Therapeutic options for MDS patients
Before making therapeutic decisions we recom-

mend that the diagnostic process be carefully
reviewed in order to be sure that the individual
patient has MDS. This diagnosis is often difficult and
diagnostic errors are possible, some being quite
common while others more rare. Among the former
must be included megaloblastic anemia and anemia
associated with other disorders. With respect to more
subtle misdiagnoses, Cotter et al.9 reported a previ-
ously unaffected 77-year-old male who developed
severe anemia: the initial diagnosis was sideroblastic
anemia with ring sideroblasts. This patient respond-
ed dramatically to pyridoxine with normalization of
hemoglobin values. Since anemia was microcytic, he
was studied for point mutations in the erythroid-spe-
cific delta-aminolevulinate synthase gene (ALAS2)
and found to have an A to C transversion in exon 7.
This patient therefore had a late-onset form of X-
linked sideroblastic anemia,10 which can be distin-
guished from refractory anemia with ringed siderob-
lasts (RARS) by microcytosis, pyridoxine-responsive-
ness, and ALAS2 mutations.

Watchful-waiting strategy
The approach to a patient with MDS should begin

with a period of observation, with sequential periph-
eral blood counts – and sometimes bone marrow
examinations – to assess the rate of progression, if
any. Not all patients need be treated. A considerable
portion of MDS patients have Hb levels > 9-10 g/dL,
neutrophil count > 0.53109/L and platelet count
> 503109/L. In elderly patients such Hb levels may be
compatible with a reasonably good quality of life,
and the above degrees of granulocytopenia and
thrombocytopenia are generally not troublesome and
can just be followed regularly. In addition, occasion-
al patients may have spontaneous improvement in
blood counts.

Responses of anemia to androgens,11,12 of granulo-
cytopenia to corticosteroids,13 and of thrombocy-
topenia to danazol14 have been reported but they do
represent the exception rather than the rule, and anec-
dotal positive evolution in a few patients cannot be
formally ascribed to a drug. For instance, a careful
study did not support a positive effect of danazol in
MDS patients during long term follow-up.15 There-
fore, we do not recommend the regular use of andro-

gens and/or corticosteroids in MDS patients. If the
clinical condition is stable and a curative treatment is
not feasible, close follow-up with no treatment may
be the best choice.

Supportive treatment 
Once a cytopenia becomes symptomatic, sup-

portive therapy with blood products and conservative
measures are still the mainstay of therapy (Table 1).

Symptomatic anemia requires regular transfusions
of red cells, and transfusional iron overload is
inevitable. One unit of blood (400 mL) contains
about 200 mg of iron, so that the annual burden may
be 2-4 g on average. Although transfusional iron is
primarily taken up by the reticuloendothelial cells, it
is later redistributed to parenchymal cells, with the
redistribution rate being proportional to erythroid
proliferation and plasma iron turnover.  When the
body iron load exceeds 100-200 mg/kg, secondary
hemochromatosis develops and liver disease, dia-
betes mellitus, hypogonadotropic hypogonadism,
and eventually heart failure may occur.16

We believe that any low or intermediate-1 risk
patient (with an average life expectancy > 4 years
according to the IPSS7) who has received at least 30
blood transfusions or whose serum ferritin is ≥ 1,000
µg/L should be regularly treated with subcutaneous
desferrioxamine, 30-40 mg/kg daily for 5 days a week.
Long-term desferrioxamine iron chelation therapy has
been proven to be effective not only in retarding but
even reversing organ damage caused by transfusion-
al iron overload.17 Individuals with poor compliance
to a conventional subcutaneous pump, may benefit
from subcutaneous bolus injections (1 g twice dai-
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Table 1. Criteria for supportive therapy in MDS patients.

Anemia
Red cell transfusions should be given when anemia is sympto-
matic.
Any low or intermediate-1 risk patient (with an average life
expectancy > 4 years according to the IPSS7) who has received at
least 30 blood transfusions or whose serum ferritin is ≥ 1,000
µg/L should be regularly treated with subcutaneous desferrioxam-
ine, 30-40 mg/kg daily for 5 days a week.

Granulocytopenia
Since there is no clear evidence that regular administration
of G-CSF can prevent infective episodes and/or prolong survival
in neutropenic MDS patients, this use is not recommended.
However, individual patients may benefit from short-term
treatment with G-CSF during an infective episode.

Thrombocytopenia
Platelet transfusions should be given when the platelet count
drops below 103109/L, or with higher platelet counts during hem-
orrhagic episodes.
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ly).18 In most instances, this latter posology may rep-
resent the most practical way of desferrioxamine
administration. Regular iron chelation therapy with
desferrioxamine may reduce red blood transfusion
requirements and improve the degree of cytopenia in
MDS patients.18,19 However, the mechanism under-
lying these effects is unclear and these findings require
confirmation in prospective clinical trials. The use of
deferiprone (L1) as an oral iron chelator must be con-
sidered strictly experimental for several reasons,
including the risk of agranulocytosis.20,21

Treatment of infections should follow standard cri-
teria. There is no clear evidence that the regular use
of granulocyte colony-stimulating factor (G-CSF) can
prevent infective episodes and/or prolong survival in
neutropenic MDS patients, so that we do not rec-
ommend its routine use.22-25 However, individual
patients may benefit from a short-term treatment
with G-CSF during an infective episode, particularly
in the case of fungal infections.

Severe thrombocytopenia can be a major clinical
problem in some MDS patients. A recent study in
leukemic patients25 has clearly shown that the risk of
major bleeding during induction chemotherapy is
similar with platelet-transfusion thresholds of
203109/L and 103109/L. Therefore, we recommend
using the lower threshold in MDS patients as well.

Differentiating agents
The rationale for differentiation therapy in MDS is

to overcome the phenotypic differentiation arrest and
to induce a normalization of differentiation with nor-
mally functioning mature cells. Based on the findings
with leukemic cell lines, clinical trials have been per-
formed with retinoic acids, vitamin D3, interferons,
hematopoietic growth factors, certain chemical dif-
ferentiation inducers, e.g. hexamethylene bisac-
etamide (HBMA), and combinations of these.27

13-cis-retinoic acid (13-cis-RA) was the first
retinoid to be studied in the treatment of MDS (Table
2).28-38 Treatment had to be given for prolonged peri-
ods. The response rates were small with no prolon-
gation of survival. Two randomized trials have been
reported. In the trial by Clark et al.33 in 98 patients,
the treatment group received 20 mg/m2/day 13-cis-
RA while control patients received only supportive
care; in patients with more than 5% blasts in the mar-
row, low-dose cytosine arabinoside (ara-C) was ini-
tially given, and 13-cis-RA was added after 12 weeks.
There was no difference in overall survival after 25
months, except in a selected group of 39 patients
with no ring sideroblasts and <5% bone marrow
blasts treated with 13-cis-RA. Koeffler et al.35 con-
ducted a randomized double-blind trial in which 68
patients received either 13-cis-RA at a dose of 100
mg/m2/day or placebo for 6 months. There was no
difference between the two arms with regard to
hematologic response, leukemic progression, or over-
all survival. The dose of 13-cis-RA was relatively high

and not well tolerated. Dose limiting factors are
hepatotoxicity with an elevation of liver enzymes and
hyperbilirubinemia. Addition of a-tocopherol seems
to improve the tolerability,37 although not improving
the response rate. 

Based on the impressive results in acute promyelo-
cytic leukemia (APL), all-trans-retinoic acid (ATRA)
was studied in patients with MDS (Table 3).39-46  Used
as a single agent the results have been disappoint-
ing. An exception might be the use of ATRA in
patients with chronic myelomonocytic leukemia
(CMML) where it might reduce pancytopenia;44 how-
ever, this suggestion stems from a pilot study and
consequently needs to be confirmed by a prospec-
tive randomized trial.

The role of vitamin D3 analogues has been studied
in several trials (Table 4).47-50 No sustained hemato-
logic effects were observed. At higher dosages, hyper-
calcemia and increases in the serum creatinine levels
are the dose-limiting adverse events. However, vita-
min D3 derivatives might reduce the rate of leukemic
transformation either when used alone50 and in com-
bination with low-dose ara-C and 13-cis retinoic
acid.51 Further trials combined vitamin D3 with 13-
cis retinoic acid and – in the case of increased bone
marrow blast cells – with 6-thioguanine.52

Both a- and g-interferon have been studied in sev-
eral clinical trials (Table 5).53-62 In general, the

Table 2. 13-cis-retinoic acid in the treatment of myelodys-
plastic syndromes.

Authors No. of Dose Duration of Response 
patients per day therapy (%)

Gold et al, 198328 15 20-125 mg/m2 7-30 weeks 33

Greenberg et al, 198529 18 1-2 mg/kg > 2 weeks 17

Swanson et al, 198630 10 2.5-4 mg/kg 8 weeks 30

Picozzi et al, 198631 15 2.5-4 mg/kg 4 weeks 33

Kerndrup et al, 198732 8 20-100 mg/m2 > 6 weeks 12

Clark et al, 198733 18 20 mg/m2 52 weeks 17
(±ara-C) 

16 control 25

Leoni et al, 198834 20 50-100 mg m2 > 4 weeks 60

Koeffler et al, 198835 35 100 mg/m2 6 weeks 3
33 control 6

Hast et al, 198936 8 1 mg/kg 4 weeks 38
10 25 mg 12 weeks 0

Besa et al, 199037 66 100 mg/m2 24 weeks 23
(+ tocopherol)

Bourantas et al, 199538 34 10-60 mg/m212-250 weeks 12
(+ tocopherol)
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response rates have been low, and only a few sustained
responses, including complete remissions, have been
reported. The major adverse effect is myelosuppres-
sion.

Hematopoietic growth factors which can also act
through differentiation-inducing mechanisms are
dealt with separately below (see below Hematopoietic
growth factors section).

While low-dose cytosine arabinoside was initially
thought to act by inducing differentiation, it is now
generally accepted that its main mode of action is
suppression of the leukemic clone (see Low dose ara-C
in combination with growth factors). Based on in vitro find-
ings, the polar-planar solvent hexamethylene bisac-
etamide (HMBA) was studied in two clinical trials63,64

(Table 6). Several remissions were obtained,
although the overall response rate was low.

A higher response rate was obtained with 5-azacy-
tidine which intracellularly reduces the DNA methyl-
transferase activity and thereby leads to hypomethyl-
ation. An overall response rate of 47%, including 11%
complete remissions, was found among 44 patients
receiving a dosage of 75 mg/m2/day,65 whereas less
impressive results were obtained with lower dosages
(Table 6).66,67 Another analog, 5-aza-2’-deoxycyti-
dine, induced a complete remission in four out of ten
patients.68 Newer approaches, which according to
the authors exert their action partially by differentia-
tion induction, use homoharringtonine.69

Trials combining various agents aim to take advan-
tage of additive or synergistic actions to induce dif-
ferentiation. The results of combining various hema-
topoietic growth factors, e.g. erythropoietin with
either G-CSF or GM-CSF, will be presented separate-
ly. The combination of low-dose ara-C with 13 cis-
retinoic acid in 14 MDS patients was disappointing
with only one partial remission.70 Better results were
seen after a combined treatment with IFN-a, 13-cis-
retinoic acid and vitamin D3 with a partial response
in 9 of 18 MDS patients.59 The combination of ATRA
with G-CSF in 15 MDS patients resulted in a com-
bined transient increase of platelets and neutrophils
in 3 patients, while neutrophils increased in nearly
all.45 The addition of erythropoietin and tocopherol
to ATRA/G-CSF led to a trilineage hematopoietic
response in 6 out of 17 MDS patients.46 Patients with
an increase in hematocrit also had an increase in their

Therapy of myelodysplastic syndromes

Table 3. All-trans retinoic acid in the treatment of myelodys-
plastic syndromes.

Authors No. of Dose Duration of Response 
patients (mg/m2/day) therapy (weeks) (%)

Visani et al, 199239 2 45 8-10 2/2

Ohno et al, 199340 23 45 > 4 3/23

Aul et al, 199341 14 30-90 12 0

Kurzrock et al, 199342 29 10-250 8 1/29

Baldus et al, 199443 5 45 3-9 0

Cambier et al, 199644 10 45 > 8 4/10
(± hydroxyurea)

Ganser et al, 199445 15 45 12 3/15
(+ G-CSF)

Ganser et al, 199646 17 25 8-16 6/17
(+ G-CSF/EPO/tocopherol)

Table 5. Interferons in the treatment of myelodysplastic syn-
dromes.

Authors No. of Dose Duration of HR
patients (mg/m2/day) therapy (weeks) (%)

IFN-a

Elias et al, 198753 14 23106 U, 8 0/14
33/week,

2 wks/month

Catalano et al, 198955 10 33106 U/day 12 4/10

Gisslinger et al, 199056 10 2-353106 U/week 6-144 3/10

Petti et al, 199658 17 0.5-33106 U, 8-120 8/17
33/week

Hellström et al, 198859 18 33106 U/day 16 9/18
(+13-cis-RA, vit D3)

IFN-g

Schwarzinger et al, 199060 8 0.1 mg/m2/day, 12 3/8
2 wks/month

Maiolo et al, 199061 30 0.01 or 0.1 mg/m2, up to 148 13/30
33/week

Stone et al, 199362 2 1-10 mg/m2/day 2 0/2

Legends: HR = hematologic response.

Table 4. Vitamin D3 in the treatment of myelodysplastic syn-
dromes.

Authors No. of Dosage Effects
patients

Metha et al, 198447 6 1 µg /day None
for > 12 weeks

Koeffler et al, 198548 18 up to 2 µg/day Transient hematopoietic
for 12 weeks in 8 patients

Richard et al, 198649 7 2.5 µg/d for None
at least 8 weeks

Motomura et al, 199150 15 4-6 µg/day for Hematopoietic
a median improvement

of 17 months in one patient; 

15 none (control) Prolonged 
transformation-free

survival in treated group
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Aminothiol amifostine, which in vitro can promote
the formation and survival of primitive hematopoiet-
ic progenitors derived from MDS patients, has been
evaluated in a phase I/II trial.72 This study showed that
amifostine administered intravenously at doses ≤ 200
mg/m2 three times a week was well tolerated and pro-
duced single- or multi-lineage hematologic responses
in 15 out of 18 MDS patients. 

Although leading to some encouraging results in vivo,
the ways by which the differentiation-inducing agents
actually work, have remained largely unresolved. Fur-
ther clinical trials are necessary and should concen-
trate on the low-risk groups of MDS, i.e. refractory
anemia (RA) and RARS. Further patient populations
are the elderly not qualifying for the intensive
chemotherapy and stem cell transplantation.

Hematopoietic growth factors

Recombinant human erythropoietin 
(rHuEpo)

Anemia is a major clinical problem in MDS with
many patients being adversely affected by transfusion-
dependency and secondary hemochromatosis. The
phase I-II studies on the use of rHuEpo in MDS have
been previously reviewed.73 Overall 15 to 20% of
patients with myelodysplastic syndrome respond to
rHuEpo treatment but the vast majority of responders
are not transfusion-dependent and the doses required
to achieve response are > 450 IU/kg per week.74-76 Fac-
tors predicting response include serum erythropoietin

levels < 100 mU/mL, female gender, no or mild trans-
fusion requirement and normal karyotype. MDS are
stem cell disorders, so that the typical anemic MDS
patient is expected to have a high serum Epo level, i.e.
an appropriately increased endogenous Epo produc-
tion. It is therefore unclear why some individuals show
inappropriately low Epo levels, although it is now
established that serum Epo reflects a balance between
renal production and erythroid consumption.77

Recognizing potential responders to rHuEpo can
be extremely important in individual cases of MDS.78

In general, we favor a patient-oriented approach to
the use of rHuEpo where the physician carefully eval-
uates the individual patient’s needs and likelihood of
reponse:73 such approach can also be applied to
MDS patients.

G-CSF, GM-CSF, IL-3 and IL-6
GM-CSF increases neutrophil counts in 64 to 100%

of treated patients.79-83 Other types of white blood
cells, particularly eosinophils and monocytes, also
increase in response to treatment. Interestingly, sim-
ilar response rates were found in studies using high
doses (60-500 µg/m2/day) and in those using low-
doses (0.2-0.5 µg/kg/day). One randomized study on
GM-CSF versus observation has been performed.84,85

As expected, neutrophil counts significantly increased;
hemoglobin levels and incidence of leukemic trans-
formation were not influenced while there was a clear
decrease in platelet count in the GM-CSF treated
patients. The first preliminary report showed a ten-
dency towards fewer infections in the actively treated
group, but the study has not been reported in final
form. A positive effect of GM-CSF on the frequency of
infections has also been suggested, however, this was
not proven in another study.86

G-CSF has been used in a similar way as GM-CSF.
A couple of phase I-II pilot studies showed significant
effects on neutrophil counts in the majority of
patients.23,87 Long-term results showed that neu-
trophilic response could be maintained for up to 30
months.24 A randomized study between G-CSF and
observation showed a significant G-CSF induced
increase in neutrophil counts but no difference in
hemoglobin levels and, as for GM-CSF, a significant
reduction of platelet counts.25 Overall survival and
evolution to acute myeloid leukemia (AML) were not
influenced by treatment. The finding of a poorer sur-
vival in patients with refractory anemia with excess of
blasts (RAEB) treated with G-CSF was probably relat-
ed to a higher proportion of high-risk patients in this
group. Comparing GM-CSF with G-CSF, side effects
were milder during G-CSF treatment. GM-CSF tend-
ed to give more general side effects such as flu-like
symptoms, capillary leak symptoms and local reac-
tions at injection sites.

With the aim of inducing trilineage responses in
MDS, interleukin-3 (IL3) was used in two phase I-II tri-
als.88,89 Granulocyte counts increased in 40-78% of the
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Table 6. Chemical inducers in the treatment of myelodys-
plastic syndromes.

Authors No. of Dose Duration of Resp. 
patients (mg/m2/day) therapy (wks) (%)

Rowinsky et al, 199263 16 HMBA* 24 g/m2/day 8-10 weeks 0/16
x 5 every 28 days

Andreeff et al, 199264 24 HMBA 24 g/m2/day 10 days 5/24

Chitambar et al, 199166 15 azacytidin 14 days 3/15
(10-35 mg/m2/day)

Silverman et al, 199367 44 azacytidin 7 days 21/44
(75 mg/m2/day)

Wijermans et al, 199768 29 azacytidin 3 days 15/29
(40-75 mg/m2/day)

Zagonel et al, 199368 10 decitabin 3 days 4/10
(45-50 mg/m2/day) every 6 wks

Feldman et al, 199669 28 homoharringtonine 9 days 8/28
(5 mg/m2/day)

Omoto et al, 1996132 21 melphalan continuously 8/21
(2 mg/day)

List et al, 199772 18 amifostine 3 times weekly 15/18
for 3 weeks

Legends: wks = weeks; HMBA = hexamethylene bisacetamide.



patients while hemoglobin values were unchanged.
Some single patients had a significant increase in
platelet counts, while worsened thrombocytopenia
was observed in others. Treatment-induced fever was
frequently observed. The combination of GM-CSF
and IL 3 was used in a small phase I study with essen-
tially negative results.90

Interleukin 6 was used in a phase II study of 22
patients with MDS and thrombocytopenia.91 About
one third of the patients showed increased platelet
counts, but reduced hemoglobin levels were observed
in almost all patients and the significant toxicity of
the drug was dose-limiting and prevented in most cas-
es long-term treatment.

rHuEpo combined with G-CSF or GM-CSF
Based upon the hypothesis that the addition of oth-

er cytokines might improve the response to rHuEpo,
several clinical trials have studied the combination of
rHuEpo with G-CSF, GM-CSF or IL 3 (Table 7).

The hitherto largest experience is with the combi-
nation of G-CSF and rHuEpo. The first two phase I-II
pilot studies showed response rates of 38 and 42%,
respectively, suggesting that the response rate to this

treatment was better than that with rHuEpo alone.92,93

Both study groups then proceeded with enlarged stud-
ies. Additional data from the American study, showed
that around 50% of the patients with a response to the
combination lost their response when G-CSF was
withdrawn and regained it when G-CSF was reintro-
duced.94

In a phase II study 56 MDS patients were random-
ized to treatment with G-CSF plus rHuEpo according
to one of two alternatives: arm A staring with G-CSF
for 4 weeks followed by the combination for 12
weeks, and arm B starting with rHuEpo for 8 weeks
followed by the combination for 10 weeks.95 The
overall response rate to G-CSF plus rHuEpo was 38%
and there was no difference between the two arms.
Twenty patients entered long-term maintenance
treatment and showed a median duration of
response of 24 months. These findings provide evi-
dence of an in vivo synergy between the two drugs.

Four additional studies have examined the effects
of G-CSF plus rHuEpo.96-99 In two of these, results were
comparable with the larger studies while two failed to
show a good response to treatment. The reason for
this might have been the lower rHuEpo dose used in
these negative studies. Data from the Scandinavian and
American studies have recently been put together in a
joint multivariate analysis, showing that serum ery-
thropoietin (< 100 mU/mL, 500-1000 mU/mL or >
500 mU/mL) and the level of pre-treatment transfu-
sion needed (< or ≥ 2 units per month) are good pre-
dictors of erythroid response to treatment and may
be combined in a predictive model.100 The response
rates in the good, intermediate and poor groups were
74%, 23% and 7%, respectively.

GM-CSF and rHuEpo have been combined in four
smaller phase II studies (Table 7).101,104 In these stud-
ies, 5 out of 23 patients with a documented lack of
response to rHuEpo alone responded to the combi-
nation. In a preliminary reported randomized phase
II study   a synergistic effect of the two drugs was sug-
gested in patients with serum Epo values < 500 mU/L.

Interleukin 3 and rHuEpo show synergistic effects
in vitro but have not met with the expectations in two
reported preliminary clinical studies.106,107 Only minor
hematologic improvements have been observed
along with substantial adverse reactions including
eosinophils and induction of TNF-a.

Low-dose chemotherapy 
The first studies on treatment of preleukemia with

low doses of chemotherapeutic agents were pub-
lished almost twenty years ago.108,109 The reasons for
initiating these studies included the extremely poor
results of high-dose chemotherapy in MDS patients
at that time, and the hypothesis that low-dose
chemotherapy might act via different mechanisms
than the higher doses and induce differentiation of
the malignant cells.
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Table 7. Recombinant human erythropoietin in combination
with other growth factors in the treatment of myelodysplas-
tic syndromes.

Authors No of Treatment Erythroid 
patients response

Negrin et al, 199392 24 rHuEpo+G-CSF 42%

Hellström-Lindberg et al, 199393 21 rHuEpo+G-CSF 38%

Bessho et al, 199496 7 rHuEpo+G-CSF 57%

Imamura et al, 199497 10 rHuEpo+G-CSF 10%

Musto et al, 199498 12* rHuEpo+G-CSF 0%

Ganser et al, 199699 17 rHuEpo+G-CSF+ 35%
ATRA

Negrin et al, 199694 44* rHuEpo + G-CSF 48%

Hellström-Lindberg et al, 199895 56 rHuEpo+G-CSF 38%

Hansen et al, 1993101 11 rHuEpoO+GM-CSF 27%

Runde et al, 1995102 8 rHuEpo+GM-CSF 25%

Bernell et al, 1995103 13° rHuEpo+GM-CSF 23%

Musto et al, 1996104 10 rHuEpo+GM-CSF 20%

List et al, 1994106 16 rHuEpo+IL-3 14%

Verhoef et al, 1994107 8 rHuEpo+IL-3 13%

Number of patients refers to number of evaluable patients. Response rates
use criteria in each article. The difference in response rates between the
studies by Negrin and Hellström-Lindberg is explained by different response
criteria (50% and 100% reduction in RBC transfusion needed respectively).
*Whereof 24 reported in 1993. 
°All non-respondent to erythropoietin alone.



Low-dose ara-C
Low-dose ara-C has been extensively used in MDS

(Table 8) and its mechanisms of action have been
widely discussed. A predominant cytotoxic effect was
proposed by some authors,110 while others suggested
the possibility of both cytotoxic and differentiating
effects.111 As suggested by recent studies, induction of
apoptosis is probably an important mechanism in this
setting.112 In the first clinical studies, response rates up
to 71% were reported.113 This gave rise to a series of
smaller and larger phase II studies, which, however,
never could repeated the initial results. In these stud-
ies, the response rates varied between 26-46%.114-116

Low-dose ara-C has mostly been given subcuta-
neously, 10-30 mg/m2/day, divided into two daily
doses for 2-8 weeks, but some of the earlier studies
used the intravenous route with comparable
results.117 Very low doses, down to 6 mg/m2/day, have
also been tried with some effect.118

In 1987, Cheson and Simon119 reviewed the experi-
ence of low-dose ara-C in MDS and AML. In patients
with primary MDS, complete and partial remission
rates were 17% and 19%, respectively, and in sec-
ondary AML (including MDS-AML), 16% and 14%.

In a series of 102 Scandinavian patients with MDS
or MDS-AML, the overall response rate was 29% with

a median duration of response of 8 months (range 2-
58 months).120 The response criteria were thougher in
this study, since changes in only blast or neutrophil
counts were not defined as a response to treatment.
Multivariate analysis identified platelet counts, bone
marrow cellularity, chromosomal aberrations and ring
sideroblasts as significant predictive variables for a
response to treatment. Patients with platelet counts
> 1503109/L had a response rate of 55% compared to
23.5% in patients with subnormal platelet counts.
Logistic regression identified low bone marrow cellu-
larity, absence of ring sideroblasts and < 2 chromo-
somal aberrations as predictors of a favorable
response in patients with platelet counts < 1503109/L.
All these variables were combined in a predictive mod-
el for the use of low-dose ara-C in MDS and MDS-
AML. The model identified three groups of patients
with 3%, 24% and >50 % response rate. This model is
at present being used in a prospective trial.

Aul et al.114 compared survival of patients who had
been treated with low dose ara-C with another group
treated with supportive care only, and found no dif-
ference between the two groups. A randomized phase
III trial comparing low-dose ara-C with supportive
care showed a response rate for ara-C of 32% with a
median duration of response of 5.9 months.121 There
was no difference in survival between the two alter-
natives, but patients with active treatment showed a
tendency to a lower progression rate. The authors
concluded that a cytoreductive effect seemed to be
required for a favorable effect.

Although if this treatment is often initiated on an
outpatient basis and doesn’t show side effects like
nausea and alopecia, hematologic toxicity in terms of
bone marrow hypoplasia and pancytopenia may be
pronounced. Therapy-related death ranges from 15
to 20%.115,119 There is, however, a considerable inter-
patient variation with regard to toxicity and the Scan-
dinavian studies showed a fatal toxicity of 7%.120

Low-dose ara-C in combination with growth
factors

Low-dose ara-C has been combined with growth
factors in a number of studies (Table 8). The ratio-
nale for this was not only the treatment-induced
cytopenia caused by ara-C alone, but also the abili-
ty of growth factors to recruit more progenitors into
the cell cycle, thus making them more susceptible to
ara-C.122 Ara-C and GM-CSF were combined in a
couple of phase II studies showing that the treatment
was feasible and that it possibly reduced neutropenia
due to ara-C.123 The EORTC Leukemia Group then
compared two alternative treatment schedules in
high risk MDS, one with ara-C and GM-CSF given
sequentially and one in which the drugs were partly
given simultaneously.124 The total response rate in
108 patients was 24%, there were 16% treatment-
related deaths and no difference between the two
randomization arms. EORTC then continued with a
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Table 8. Selected studies with low-dose chemotherapy in
MDS.

References Study No. of pts* Treatment Response°

Castaigne et al, 1983113 phase II 21 ara-C 71%

Tricot et al, 1984115 phase II 26 ara-C 46%

Powell et al, 1988116 phase II 38 ara-C 35%

Aul et al, 1989 phase II 51 ara-C 26%

Cheson & Simon, 1987119 review 266 ara-C 25%

Hellström et al, 1992120 phase II 102 ara-C 29%

Miller et al, 1992121 phase III 53 ara-C 32%

Gerhartz et al, 1994124 phase II 108 ara-C+GM 24%

Gerhartz et al, 1996125 phase III 37 ara-C 49%
46 ara-C+GM 28%
47 ara-C+IL3 45%

Im et al, 1994126 phase II 21 ara-C+G 33%

Harada et al, 1993128 phase II 18 aclarubicin 44%

Johnson et al, 1987129 phase II 13 idarubicin# 54%

Greenberg et al, 1993131 phase II 42 idarubicin# 2%

Omoto et al, 1996132 phase II 21 melphalan 38%

Wattel et al, 1996134 phase III 53@ hydroxyurea 60%
52@ etoposide 36%

*Number of patients refers to number of evaluable patients, actively treat-
ed with the drug. Studies include patients with MDS and MDS-AML.
°Response rates; CR and PR as defined by each article. Minor responses
excluded. 
#Johnson used a dose of 50 mg/m2, d 14-21 and Greenberg a dose of 2
mg/day for 21 days. 
@Only patients with chronic myelomonocytic leukemia.
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randomized phase III trial comparing low-dose ara-
C alone vs ara-C + GM-CSF vs ara-C + IL3.125 No sta-
tistically significant differences between the three
alternatives were observed, response rates varied
between 28 and 49% (highest for ara-C alone) and
survival varied between 10.5 to 24 months (lowest in
the GM-CSF group). The combination of G-CSF and
ara-C has only been used in one small phase II trial
in which seven out of 21 patients with MDS or MDS-
AML responded to treatment.126

Other chemotherapeutic agents given
in low-doses

Other chemotherapeutic agents have been employ-
ed in low doses in MDS patients (Table 8).

Low doses of an anthracycline, aclarubicin (ACR)
were given to 15 patients with MDS and MDS-AML, of
whom 33% responded to treatment.127 The same
researches then continued with a small randomized
phase II trial comparing the effect of low-dose ACR
with very low-dose ara-C.128 No significant differences
were observed between the two groups. The response
rates in the ara-C and ACR groups were 32% and 44%
and the survival times 24 and 12 months, respectively.

Another anthracycline, idarubicin, has been orally
given in several phase II trials. The first study129 used
a relatively high dose, 50 mg/m2, given with 14-21
days intervals, and showed a response rate in 7/13
patients (54%). In another study, the dose was 30-50
mg/m2, and the response rate 14%. 130 Lastly, Green-
berg et al.131 used a very low dose, 2 mg/day for 21
days, but failed to show a response in any except one
of the 42 patients. These studies suggest that oral
idarubicin has a limited effect in MDS, unless given
in clearly myelosuppressive doses.

Studies on the use of 5-azacytidine and homohar-
ringtonine have been mentioned before (Table 6).
More interesting is a recently published study on low-
dose melphalan (2 mg/day until progression/toxici-
ty or response) for patients with high-risk MDS.132

Eight of 21 patients with RAEB or RAEB in transfor-
mation (RAEB-t) (38%) achieved a complete (7) or
partial (1) response with a median survival of 27
months for CR patients and 6.5 months for the rest.
No severe side effects were observed in any patient.

Chronic myelomonocytic leukemia is a prolifera-
tive entity of MDS in which the proliferative symp-
toms have often been treated with hydroxyurea. A
positive report on the use of low dose etoposide in
this subgroup133 preceded a large randomized phase
III trial on hydroxyurea versus etoposide in 105
patients with CMML.134 The results from this trial
were surprisingly clear-cut in that hydroxyurea in all
aspects was better than etoposide. A response to
treatment was observed in 60% of the hydroxyurea
patients versus 36% in those treated with etoposide,
and survival was significantly better in the former
group. However, the median survival in the hydroxy-
urea group was only 20 months, which is compara-

ble to the survival observed in most prognostic stud-
ies.4 Real treatment advances in CMML have thus not
yet been achieved.

In summary, low doses of chemotherapeutic agents
may be used to reduce bone marrow blast counts and
improve the pancytopenia in MDS and MDS-AML.
Hematologic complete remissions are observed, but
patients are not cured and there are no data showing
a beneficial effect on survival in unselected groups of
patients. The larger studies show that the response
rate is around 30% for most of the agents but even if
the median duration of response is often less than one
year, there are undoubtedly patients with long-lasting
and stable responses. Studies of low-dose ara-C show
that it is possible to define both patients with a high-
er probability of responding to treatment and those
who should not be treated. Such tools may prove use-
ful in the therapeutic decision for individual patients.
Based on the present experience, there is no evidence
that routine addition of various growth factors either
enhances or reduces the effect of low-dose chemo-
therapy.

Intensive chemotherapy
Intensive chemotherapy is aimed at eradicating or

suppressing the myelodysplastic clone and thereby
to induce long-term complete remission. The first
reports on successful treatment of MDS patients with
intensive chemotherapy appeared in the early 1980s
and have now been confirmed by many other groups
(for a comprehensive review see Cheson135 and Gass-
mann et al.136) (Table 9).137-144  Apart from combina-
tions of daunorubicin with either conventional or
high-dose ara-C, combinations of ara-C with idaru-
bicin, idarubicin plus etoposide, mitoxantrone plus
etoposide, fludarabine plus ara-C, fludarabine plus
ara-C, as well as hematopoietic growth factors such
as G-CSF, GM-CSF or IL-3, have been tested in more
recent trials (Table 10 and 11).145-160 Although report-
ing better results, the newer regimens have not yet
been shown in randomized trials to be superior to
standard AML-type regimens. The same is true for
the CSFs, used either after chemotherapy or as prim-
ing agent together with induction therapy. Similarly,
the value of immunotherapy with interleukin-2 as
maintenance has still to be proven.155

While it was long assumed that CR rates are con-
siderably lower in MDS than in de novo AML, using an
identical chemotherapy regimen, De Witte et al.144

achieved an identical CR rate in patients younger
than 45 years irrespective of whether the patients had
de novo AML or MDS (75% versus 71%). More recent
reports also indicate that in patients above age 60 CR
rates in the range of 50% to 60% can be achieved
(Table 10). The large variation of complete remission
rates, ranging from 15% to 74% is probably related
not only to the type of chemotherapy and the dose
intensity used, but also to differences in the median
age of the patients (due to better responses in the
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younger patients) and to selection bias. The recent
study by Estey et al.158 clearly indicates that patients
with RAEB and RAEB-t have the same chances of
responding to chemotherapy regimens as AML
patients with similar prognostic factors.

Factors responsible for the lower CR rates in MDS
patients include drug resistance of the neoplastic cell
clone161 and, more generally a higher incidence of
poor prognostic characteristics.158 While achieve-
ment of CR usually results in the restoration of a poly-
clonal hematopoiesis,162 the median duration of
complete remission is usually short-lived and less

than 12 months. Relapse-free survival rates above
10% at 3 to 4 years are rare. 

Factors influencing CR rate, overall survival and
relapse-free survival in some but not all treatment
series include patient age, presence or absence of
cytogenetic aberrations, and the diagnosis of de novo
MDS or MDS after prior exposure to leukemogenic
chemotherapy. The presence of karyotypic abnor-
malities which are frequently observed in MDS,
including monosomy 7 and 5q-, is associated with
lower CR rates (31% versus 57%) and significantly
shorter remission duration (0% versus 25% at 3
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Table 9. Intensive chemotherapy for treatment of MDS and AML evolving from MDS (older trials).

Authors Patients Chemotherapy CR (%) Survival

Mertelsmann et al, 1980137 MDS: 45 thioguanine, ara-C, +/- daunorubicin 51% OS: 8% (4 yr)
AML/MDS: 16 31% MDR: 7 mo

Keating et al, 1981138 AML/MDS: 32 rubidazone, vincristine, ara-C, prednisone 22%

Fenaux et al, 1988139 RAEB-T: 16 rubidazone 56% MDR: 8.5 mo
AML/MDS: 9 44%

Martiat et al, 1988140 AML/MDS: 25 daunorubicin, ara-C 24% MDR: 7 mo

Michels  et al, 1989141 RAEB-T: 31 AML-type 61%

Gajewski et al, 1989142 AML/MDS: 44 thioguanine, ara-C, daunorubicin 41% DFS: 17% (3 yr); MDR: 8 mo

Hoyle et al, 1989143 AML/MDS: 36 thioguanine, ara-C, daunorubicin 42% MDR: 8 mo

De Witte et al, 1989144 MDS: 14 ara-C+daunorubicin or doxorubicin 64% OS: 7 mo
AML/MDS: 22 32% MDR: 6-7 mo

OS: overall survival; MDR: median duration of remission.

Table 10. Intensive chemotherapy for treatment of MDS and AML evolving from MDS (recent trials).

Authors Patients Chemotherapy CR (%) Survival

Fenaux et al, 1991145 MDS: 31 rubidazone, 55% DFS: 11 mo
AML/MDS: 16 ara-C 31% OS: 14 mo

Knauf et al, 1994146 AML/MDS: 21 mitoxantrone, etoposide 57% MDR: 7 mo

Wattel et al, 1995147 MDS/sMDS: 38 high-dose ara-C, mitoxantrone 41% MDR: 10 mo
AML/MDS, sec. AML:58 OS: 8 m

De Witte et al, 1995148 MDS + idarubicin, ara-C 54% DFS: 11 mo
AML/MDS: 50 OS: 14 mo

De Witte et al, 1995149 MDS + idarubicin, etoposide, ara-C 60% OS: 40% (1.5 yr)
AML/MDS: 87

Aul et al, 1995150 MDS + thioguanine, ara-C, daunorubicin 63% DFS: 23% (5 yr)
AML/MDS: 76

Invernizzi et al, 1997159 RAEB/RAEB-t: 25 idarubicin,  ara-C 48% OS: 10% at 3 yr

Ruutu et al, 1997160 MDS: 14 idarubicin, ara-C 58% DFS: 8 mo
AML/MDS: 21 48% OS: 12 mo

OS: overall survival; MDR: median duration of remission.



years).139,145 Comparable data on the influence of an
abnormal karyotype have been reported by others.158 

In conclusion, the available evidence indicates that
intensive chemotherapy based on a combination of
ara-C and an anthracycline should be proposed to all
patients with excess blasts, especially in those below
65 years of age. Deterrents to standard chemothera-
py in these patients could include age and abnormal
cytogenetics.

Stem cell transplantation
While MDS is hard to cure with conventional ther-

apies, cures have been achieved with complete erad-
ication of the marrow and replacement using stem
cells from a normal donor. Although restrictions
based on patient age and donor availability limit the
use of allogeneic stem cell transplantation (SCT) to
a small number of MDS patients, the potential for
cure has encouraged extensive investigation of this
therapeutic option.

Stem cell transplantation: 
overview of large published series

Between 1990 and 1997 twelve publications have
described series of greater than 20 patients with MDS
undergoing allogeneic SCT (Table 12).163-174 A total
of 516 patients were reported in these 12 publica-
tions, including 64 whose disease had progressed
into AML before or at time of transplantation.
Although there was a wide variety of patient charac-
teristics and transplantation procedures used, the
major endpoints of relapse and death were relatively

similar between these studies. There were 209
patients (41%) reported to be alive and disease-free,
with a median follow-up ranging from 11 months164

to 6 years,168 while 115 (22%) patients had relapsed
and 192 (37%) had died of transplant-related caus-
es. A major conclusion from these data is that
durable cures, lasting up to 12 years, can be achieved
in a significant fraction of patients with an otherwise
incurable hematologic disorder.168,170 A representa-
tive example of disease-free survival (DFS) and relapse
for the largest published single-center study is shown
in Figure 1.

Two of the largest series reported results of multi-
variable analyses.168 Anderson et al.170 found that both
older age and longer disease duration were indepen-
dently associated with lower DFS, due to significantly
higher non-relapse mortality (NRM). More advanced
disease morphology (beyond the phase of refractory
anemia) was associated with increased risk of relapse.
In a follow-up study with a larger number of patients,
advanced disease morphology was also significantly
associated with lower DFS.175 Sutton et al. reported
that increased marrow blast count was associated
with lower DFS because of both increased risk of
relapse and NRM and that older age was associated
with lower DFS because of increase risk of relapse.168

In addition, the use of cytoreductive therapy before
transplant (in 17 of 71 patients) was associated with
a higher risk of relapse, probably because such treat-
ment was used mostly in patients with RAEB-t. The
association of age and survival has been reported in
several other series.165,169
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Table 11. Intensive chemotherapy combined with hematopoietic growth factors for treatment of MDS and AML evolving from
MDS (recent trials).

Authors Patients Chemotherapy CR (%) Survival

Bernasconi et al, 1998151 MDS + idarubicin, 74% DFS: 4.5 mo
AML/MDS: 53 etoposide ± G-CSF

Estey et al, 1995152 RAEB: 27 FLA ± G-CSF 63% DFS: 31% (2 yr)
RAEB-T: 58 67% OS: 15% (2 yr)

Gore et al, 1995153 MDS: 9 DAV, DAAm 35% OS: 13 mo
AML/MDS: 39 ± IL-3, GM-CSF

Ossenkoppele et al, 1995154 non-RAEB-T: 22 DA ± G-CSF 55% OS: 22% (2 yr)
RAEB-T: 38

Ganser et al, 1995155 MDS + idarubicin, etoposide, 49% MRD: 11 mo
AML/MDS: 104 ara-C + G-CSF DFS: 10 mo

Steinmetz et al, 1996156 AML/MDS: 27 FLA + G-CSF 74% MRD: 4 mo

Gardin et al, 1997157 sec MDS: 25 idarubicin/ara-C 56% MRD: 3 mo
sec AML: 9 (standard or high-dose) 56% OS: 9 mo

+ G-CSF

Estey et al, 1997158 RAEB: 52 idarubicin/ara-C 62%
RAEB-t: 106 or FLA 66%
AML: 372 ± G-CSF 66%

OS: overall survival; MDR: median duration of remission.
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Stem cell transplantation: outcome
by disease morphology and cytogenetics

According to the French-American-British (FAB)
classification, patients with RA have fewer than 5%
blasts in the marrow and 1% or fewer blasts in the
peripheral blood; whereas patients with RAEB or
RAEB-t have increased blasts in the marrow and/or
peripheral blood.176 As outlined above, many studies
of allogeneic SCT for MDS have demonstrated that
with increasing blast percentage or advanced disease
morphology (i.e., RAEB or RAEB-t compared with
RA) there is a higher risk of relapse post-transplanta-
tion, and, in some studies, a lower DFS.177 A repre-
sentative example of the difference in actuarial relapse
rate and DFS based on the FAB classification is shown

in Figure 2. 
In this study the 5-year actuarial estimates of relapse

and DFS were 49% and 31%, respectively, for 47
patients with MDS with excess blasts (i.e., RAEB or
RAEB-t) compared with 4% and 54%, respectively, for
40 patients with MDS without excess blasts (i.e.,
RA).177

Approximately 40% of patients with MDS at diag-
nosis have a clonal cytogenetic abnormality, with
complex abnormalities and chromosome 7 abnor-
malities being associated with the shortest survival in
the non-transplant setting.178,179 Following allogeneic
SCT, however, the prognostic significance of kary-
otype has not been as clearly established as it has for
morphology. In an initial multivariable analysis of

Authors No. of pts,
median age,

median disease
duration

Morphology
at SCT,

number of
patients

Preparative
regimen,

number of patients

Donor,
number of patients

Median
follow-up

Actuarial
DFS

(actual
number of
patients)

Actuarial
relapse
(actual

number of
patients)

Actuarial
NRM

(actual
number of
patients)

Anderson et al, 1993170 93
30 yrs
10 mos

RA, 40
RAEB, 31
RAEB-T, 14
CMML, 2
Other, 6

CY-TBI, 88
BU-CY, 5

HLA-id sib, 64
Syngeneic, 3
Other family, 20
Unrelated, 6

4 yrs 41% 28%
(n=17)

43%
(n=36)

DeWitte et al, 1990a173 78
32 yrs
7 mos

RA, 9
RAEB, 16
RAEB-T, 20
sAML, 32
CMML, 1

Chemotherapy
+TBI, 69
–TBI, 9

HLA-id sib, 74
Syngeneic, 3
Other family, 1

2.3 yrs not stated
(n=35)

not stated
(n=18)

not stated
(n=25)

Sutton et al, 1996168 71
37 yrs
201 days

RA, 11
RAEB, 21
RAEB-T, 21
sAML, 11
CR, 7

CY-TBI, 26
BU-CY, 17
Other, 28

HLA-id sib, 70
Syngeneic, 1

6 yrs 32% 48%
(n=24)

39%
(n=24)

Locatelli et al, 1997164 43
2 yrs
7 mos

CMML, 43 Chemotherapy
+TBI, 22
–TBI, 21

Related, 29
Unrelated, 14

11 mos 31% 58%
(n=22)

20%
(n=7)

O'Donnell et al, 1995169 38
35 yrs
7 mos

Blasts <10%, 20
Blasts ³10%, 18

BU-CY, 38 HLA-id sib, 38 approx 2 yrs 38% 24%
(n=5)

not stated
(n=19)

Mattijssen  et al, 1997163 35
41 yrs
9 mos

RAEB-T, 11
RAEB, 7
RA, 13
CMML, 1
AML 3

CY-TBI, 9
CY-Ida-TBI, 22

Other, 4

HLA-id sib, 32
Other family, 1
Unrelated, 2

1.7 yrs 39% 34%
(n=7)

not stated
(n=14)

Anderson et al, 1996a166 31
41 yrs
5 mos

RAEB, 15
RAEB-T, 8
CMML, 8

BU-CY-TBI, 31 HLA-id sib, 22
Other family, 3
Unrelated, 6

1.7 yrs 23% 28%
(n=6)

68%
(n=17)

Anderson et al, 1996b165 30
29 yrs
8 mos

RA, 30 BU-CY, 30 HLA-id sib, 16
Other family, 1
Unrelated, 13

2.1 yrs 63% 0%
(n=0)

37%
(n=11)

Ratanatharathorn et al, 1993171 27
33 yrs
5.6 mos

RA, 9
RAEB, 8
RAEB-T, 3
sAML, 6
Other, 1

BU-CY, 1
BU-AraC-CY, 24

BU-TLI, 2

HLA-id sib, 18
Other family, 6
Unrelated, 3

1.7 yrs 56% not stated
(n=1)

not stated
(n=9)

Demuynck et al, 1996167 24
30 yrs
5 mos

RA, 4
RAEB, 4
RAEB-T, 9
CMML, 1
sAML, 6

CY-TBI
± chemotherapy, 24

HLA-id sib, 16
Other family, 5
Unrelated, 3

3.3 yrs 35% 25%
(n=6)

50%
(n=11)

Nevill et al, 1992172 23
35 yrs

RA, 2
RAEB, 2

BU-CY, 23 HLA-id sib, 22 2.3 yrs 35% not stated
(n=5)

not stated

Table 12. Published reports on allogeneic SC for MDS (series consisting of > 20 patients).

Abbreviations: SCT, stem cell transplantation; DFS, disease-free survival; NRM, nonrelapse mortality; RA, refractory anemia; RAEB, RA with excess blasts; RAEB-t,
RAEB in transformation; CMML, chronic myelomonocytic leukemia; sAML, secondary AML; CR, complete remission; CY, cyclophosphamide; TBI, total body irradia-
tion; BU, busulfan; Ida, idarubicin; AraC, cytosine arabinoside; TLI, total lymphoid irradiation; HLA-id sib, human leukocyte antigen identical sibling.
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data from 59 patients from Seattle, the presence of an
abnormal karyotype was associated with improved
DFS and lower NRM.180 However, this association of
karyotype was not upheld in a subsequent multivari-
able analysis of these 59 patients and an additional
34.170 In univariable analysis of 40 patients (data was
not available on the remaining 31 patients in the
study) from the French Bone Marrow Registry, patients
with a single cytogenetic abnormality had a statisti-
cally significantly lower risk of relapse and higher DFS
compared with patients with either normal karyotype

or complex abnormalities.168 However, this associa-
tion did not emerge as a significant finding in the
multivariable analysis in that study. In a univariable
analysis from the European Bone Marrow Transplanta-
tion Group, in which cytogenetic data were available
from 54 patients, there was a lower relapse rate
among patients with a normal karyotype.181 More
recent and larger multivariable analyses of patients
with MDS (excluding those who progressed into sec-
ondary AML) have been reported in abstract
form.175,182 One study of 251 patients reported that

Therapy of myelodysplastic syndromes

Figure 1.  Probability of disease-free survival (—) and relapse
(– – –) for 93 patients transplanted with MDS.  Dots represent
patients alive in continuous complete remission (reprinted with
permission from Anderson et al., Blood, 1993).

Figure 2. Actuarial probability of DFS following allogeneic
SCT for 47 patients with MDS with excess blasts (i.e.,
RAEB, RAEB-t, or CMML) compared to 40 patients without
excess blasts (i.e., RA) at time of SCT (p = 0.07). Dots rep-
resent patients alive in continuous complete remission
(reprinted with permission from Anderson et al, Leuk Lym-
phoma, 1995).
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patients with complex cytogenetic abnormalities had
a significantly higher risk of relapse and lower DFS175

and the other study of 338 patients reported that a
normal karyotype was associated with improved
DFS.182 Therefore, it is likely that cytogenetic features
that are associated with a poor survival in absence of
transplantation178,179 are also independent predictors
of worse outcome following allogeneic transplanta-
tion.

The association of poor risk cytogenetic features
and relapse after allogeneic SCT does not, however,
appear to extend to patients transplanted with RA
who never progressed to a more advanced FAB mor-
phologic classification. Only 1 of 70 patients with RA
(of whom 39 had cytogenetic abnormalities) relapsed,
with a median follow-up of approximately 3.5 years
post-transplant.165 Similarly, Sutton et al.168 reported
no relapses among 11 patients transplanted with RA.
In these 2 studies, the long-term DFS rates among
patients receiving human leukocyte antigen (HLA)-
identical related donor SCT were 74 and 73%, respec-
tively. Other studies have also corroborated the low
risk of relapse among patients transplanted for RA,
despite the presence of cytogenetic abnormalities
(Table 12).

Stem cell transplantation: 
choice of stem cell donor

Most patients transplanted for MDS have received
marrow from HLA-matched related individuals, but
suitable related donors are only available to a minor-
ity of patients who are otherwise eligible for allo-
geneic SCT. With increasing size of the worldwide
registries of HLA typed volunteer donors, the poten-
tial use of unrelated donor transplantation is expand-
ing. Results published from Seattle on 52 patients
with MDS or MDS-related AML transplanted from
unrelated donors show a 2-year actuarial DFS, risk of
relapse, and risk of NRM of 38%, 28%, and 48%,
respectively.183 The risk of relapse was significantly
higher among patients with RAEB-t or MDS-related
AML compared to RA, RAEB, or CMML. The risk of
NRM was significantly higher among older patients
and those with longer disease duration. At time of
publication, 16 of the 19 survivors had a perfor-
mance status of 90-100%. Registry reports on the use
of unrelated donor SCT in MDS patients have
described a higher NRM and lower DFS than the
Seattle group,182,184,185 but because of lack of detail it
is not possible to explore these differences.

Another study among patients with advanced dis-
ease morphology found that there was a significant-
ly lower risk of relapse among recipients of unrelated
or partially matched related donor marrow com-
pared with recipients of HLA-matched related donor
marrow.166 Two smaller studies which included a
total of 19 children with MDS undergoing unrelated
donor SCT reported 10 disease-free survivors.186,187

These data suggest that the use of alternative donors

is feasible, but further study is necessary to determine
whether the long-term DFS is significantly different
from that of HLA-matched related donors.

Stem cell transplantation:
preparative regimens

The type of myeloablative preparative regimens
used has varied between the different series reported
(Table 12). Because prospective, randomized studies
comparing different preparative regimens have not
been reported, only tentative conclusions can be
drawn from existing data. The two most frequently
used regimens are cyclophosphamide and total body
irradiation (CY-TBI) and busulfan and CY (BU-CY). In
a prospective, single-arm study of BU-CY in patients
with RA, the 3-year DFS rate was 63% and was simi-
lar to a group of historical controls treated with CY-
TBI.165 Other single-arm studies169,172 using BU-CY in
patients with both RA and more advanced disease
morphology have found similar results to other pub-
lished series in which predominantly CY-TBI regimens
were used. Two studies164,171 which included patients
receiving regimens containing BU-CY and additional
chemotherapy found higher DFS than for patients
receiving CY-TBI or BU-CY alone, but small patient
numbers and short median follow-up (< 2 years)
make definitive conclusions hazardous. Because of
the high risk of relapse among patients with
advanced disease morphology, regimens consisting
of TBI and intensified chemotherapy have been stud-
ied, and have showed greater toxicity with no bene-
fit in DFS.166,168

Stem cell transplantation:
therapy-related MDS

Although the etiology of MDS is unknown in the
majority of cases, an increasing proportion of
patients diagnosed with MDS have developed their
disease following treatment with chemotherapy or
ionizing radiation or the combination of both. Alky-
lating agents used for Hodgkin's and non-Hodgkin's
lymphoma are the most common drugs associated
with development of therapy-related MDS (t-MDS).
t-MDS typically develops 4-5 years following expo-
sure to the inciting agent, and in 90% of cases is asso-
ciated with chromosome abnormalities, most com-
monly involving chromosomes 5 and 7.188 With
increasing intensity of chemotherapy for malignan-
cies, such as autologous SCT for lymphoma, there
appears to be an increasing incidence of t-MDS.189

A number of reports on SCT for MDS and secondary
AML have included patients with t-MDS and therapy-
related AML (t-AML)(Table 13).165-167,169-172,174,190-195

Table 13 outlines some of the available statistics from
these reports. With complete survival data on 135 of
the 147 reported patients with t-MDS or t-AML, 45
patients (33%) were disease-free survivors, 29 (22%)
relapsed and 61 (45%) died of transplant-related
causes. These data suggest that allogeneic SCT is a

M. Cazzola et al.922



feasible treatment option for therapy-related myeloid
malignancies, but do not address the question of
whether results are different from results for patients
with de novo MDS. In Seattle, 251 patients with MDS
underwent allogeneic SCT through 1996, 36 of whom
had t-MDS.175 In multivariable analysis, there was a
significantly higher incidence of NRM among patients
with t-MDS compared with the remaining patients
(relative risk 1.9, p-value 0.014), but no difference in
relapse rate or DFS (unpublished data, Anderson,
1997). This finding of greater NRM, after adjustment
for other factors known to influence NRM, is not sur-
prising and may be due to the cumulative toxicity asso-
ciated with treatment for the prior malignancy.

Stem cell transplantation: 
timing of allogeneic SCT

The most appropriate timing for allogeneic SCT for
MDS is not well defined. Multivariable analysis from
a Seattle study including all morphologic subtypes
found DFS to be better among patients with shorter
rather than longer disease duration due to lower
NRM.170 However, in the multivariable analysis of the
French series there was no association between dis-
ease duration and outcome.168 It is possible that the
effect of disease duration on DFS and NRM is more
important among patients with RA, since the associ-
ation was found in the multivariable analysis of 70
patients with RA,165 but not in the analysis of 75
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Table 13. Published reports on allogeneic SCT for therapy-related MDS and AML.

Authors No. of patients No. of disease- No. of No. of transplant- Duration of follow-up  
free survivors relapses related deaths of survivors, years (median)

Anderson et al, 1997190 29 4 10 15 2.4-6.1 (4.1)
t-AML

Le Maignan et al, 1990192 25 9 5 11 0.25-7.2
(morphology not detailed)

DeWitte et al, 1990b194 20 8 3 9 0.13-7.6 (4.4)
9 t-MDS
11 t-AML

Ballen et al,* 1995191 18 Not stated 4 Not reported (3 years median)
t-MDS (actuarial DFS 24%)

Bandini et al, 1990193 17 8 2 7 1.0-4.6
t-AML

O’Donnell et al, 1995169 8 4 1 3 Not stated 
5 t-MDS (lead survivor 3 years)
3 t-AML

Anderson et al, 1993170 8 2 2 4 Not stated
t-MDS

Ratanatharathorn et al, 1993171 8 4 1 3 0.36-4.1 (0.83)
t-MDS

Longmore et al, 1990174 11 3 3 5 3-9 (5)
6 t-MDS
5 t-AML

Demuynck et al, 1996167 3
1 t-MDS
2 t-AML 1 1 1 1.6

Anderson et al, 1996b166 3 1 0 2 3.8
t-MDS

Anderson et al, 1996a165 2 1 0 1 2.0
t-MDS

Nevill et al,1992172 1 0 1 0 ---
t-MDS

Bunin et al, 1988195 3 2 0 1 0.65, 1.1
2 t-MDS
1 t-AML

*Six patients in this report with are also presumably included in Longmore 1990. Abbreviations: t-MDS, therapy-related MDS; t-AML, therapy-related AML; DFS,
disease-free survival.
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patients with advanced disease morphology.166 As
discussed above, patients with fewer blasts and
patients without poor risk cytogenetic features have
an improved DFS due to a lower risk of relapse.
Therefore, we have generally recommended consid-
eration of SCT early after diagnosis of MDS, before
complications from cytopenias develop, and, if pos-
sible, before the blast percentage increases or kary-
otype evolves. However, there may be some patients
with MDS who have a particularly indolent course, in
whom early SCT might be ill advised. Patients ≤ 60
years of age with a low risk International Prognostic
Score have a median survival of 11.8 years without
transplantation.179 Therefore, because of the early
mortality associated with allogeneic SCT, some
patients with low risk MDS should probably not be
advised to undergo early SCT.

Stem cell transplantation: 
current challenges in allogeneic SCT for MDS

Innovative approaches to reduce the high risk of
relapse after SCT among patients with excess blasts
with or without poor risk cytogenetic features are
needed. Current approaches include the use of inten-
sive chemotherapy before the preparative regimen in
an attempt to induce a morphologic and cytogenetic
remission, the development of more effective prepar-
ative regimens, and the use of donor lymphocyte infu-
sions after relapse. Retrospective comparisons of
patients transplanted without attempt at remission
induction therapy or after such treatment have result-
ed in contradictory results.168,173,190,196 Patients who
fail to obtain a complete remission after such
chemotherapy, generally do poorly with SCT. Patients
transplanted after obtaining a complete remission
were reported to have a 60% 2-year DFS (n=16) in one
study173 and a 43% 7-year DFS (n=7) in another.168

However, in the latter study, the improved outcome
after SCT among complete responders was due to a
lower NRM, not a lower relapse rate. Furthermore, as
discussed earlier, no more than 60% of patients
achieve a complete response with remission induction
chemotherapy. Analysis of 46 patients with MDS-AML
and t-AML who underwent SCT without an attempt at
induction chemotherapy showed a 24% 5-year DFS,
which was not significantly different from the 15% 5-
year DFS of 20 patients who underwent SCT after
induction chemotherapy.190 Only prospective studies
or large retrospective studies that account for all
patients receiving remission induction chemotherapy
(including those who die during such treatment or
become ineligible for SCT) will be able to address the
use of such pre-transplant therapy definitively. 

Evaluation of preparative regimens to reduce the
risk of relapse is ongoing in Seattle and elsewhere and
includes the use of BU instead of CY along with TBI
and the addition of radionuclides conjugated to
monoclonal antibodies directed against hematopoi-
etic cells.  The use of donor lymphocyte infusions

after relapse (designed to induce a graft-versus-
leukemia effect) has been reported in 15 MDS
patients, 7 of whom achieved a complete hemato-
logic response with 6 in remission between 2 and 18
months after infusion.198-203

The reason for the high NRM rate (approximately
40%) seen in patients with MDS treated with allo-
geneic SCT is not well understood, but may be due to
the prolonged period of marrow failure preceding
SCT. A reduction in the risk of NRM is needed to
improve outcome of currently eligible patients and,
perhaps, to expand eligibility of allogeneic transplan-
tation to older patients and to those without currently
suitable donors. Encouraging results using T-cell
depleted (103-104 reduction) marrow in 11 patients
with RA have been reported.  However, results using
marrow depleted of T cells by counterflow centrifu-
gation (102 reduction) in a heterogeneous group of 35
patients, including 11 with RA, do not appear to be
better than those from series using non-T-depleted
grafts.163 Alternative methods to reduce severity of
graft-versus-host disease and toxicity of the prepara-
tive regimen need to be investigated.

Stem cell transplantation:
autologous SCT for MDS

The use of autologous stem cells in transplanta-
tion for MDS is dependent on the ability to collect
non-clonal hematopoietic stem cells. The finding that
some MDS patients treated with remission induction
chemotherapy can achieve a complete morphologic
and cytogenetic remission148 suggests polyclonal
hematopoiesis can be achieved. X-linked clonality
studies in females with MDS have shown residual
polyclonal hematopoietic cells either at steady
state205 or after chemotherapy.206 Peripheral blood

Table 14. Published reports on autologous SCT for MDS or
secondary AML.

Authors Source of cells No. of No. of Duration 
pts. disease of follow-up

free of survivors
survivors (months)

De Witte et al, 1997208 Marrow 79 32 Median 10
Range 0-89

Wattel et al, 1997210 Marrow (n=17)
Peripheral blood (n=6) 23 13 2 – 13 

Oberg et al, 1989211 Marrow 17 1 Not reported

Laporte et al, 1993212 Marrow 7 2 10, 28

Demuynck et al, 1996168 Peripheral blood 5 4 4–14

Carella et al, 1996207 Peripheral blood 3 2 1, 6



stem cell collections following chemotherapy have
been shown in some patients to be polyclonal based
on X-chromosome inactivation patterns6 or to be
cytogenetically normal.207

A small number of patients have undergone autol-
ogous SCT for MDS or MDS-AML (Table 14)168,207-211

and it appears that patients can reliably engraft.
Duration of follow-up in these studies is too short to
make meaningful conclusions about incidence of
relapse, although NRM appears to be relatively low.
An important issue in the successful use of autolo-
gous stem cells from MDS patients following chemo-
therapy or other purging techniques is the difficulty
in detecting residual tumor contamination. It is not
yet known whether loss of a previous cytogenetic
abnormality or demonstration of polyclonality cor-
relates with complete suppression of the neoplastic
clonal stem cell compartment. Further studies of
autologous stem cell collection and transplantation,
including in vivo and ex vivo purging and detection of
minimum residual disease,212,213 are ongoing.

Stem cell transplantation for MDS:
conclusions

The heterogeneity of patients with MDS, the wide
variety of patient inclusion criteria and transplant pro-
cedures used, and relatively small numbers of patients
in the individual reports of allogeneic SCT described
in this chapter make it difficult to draw many defini-
tive conclusions. However, approximately 40% of
patients with MDS who are eligible for allogeneic SCT
are likely to be cured by this treatment. The most for-
tunate subgroup of patients appears to be formed of
those with RA who have an HLA-matched related
donor, in whom long-term DFS rates of approxi-
mately 75% have been achieved. Currently, the major
limitations in applying this treatment option to the
majority of patients are the advanced age of most
patients with MDS and the lack of an HLA-compati-
ble related or unrelated donor. In addition, the major
limitations to a greater success rate following allo-
geneic SCT are the increased relapse rate among
patients with increased blasts and poor risk cytoge-
netic features and the increased NRM rate among
patients with longer disease duration, patients with t-
MDS, and patients receiving mismatched or unrelat-
ed grafts. The use of allogeneic SCT early in the dis-
ease course, if possible, before increase in blast per-
centage, karyotypic evolution, or complications of
cytopenias develop may help improve outcome.
Although a subset of patients may benefit from the
use of remission induction chemotherapy before the
start of the preparative regimen, such pretransplant
treatment has not been conclusively shown to bene-
fit the majority of patients who are at high risk of
relapse. In addition, no specific preparative regimen
has been conclusively shown to be preferable over
others. The preliminary data on the use of autologous
SCT suggest this approach may be a feasible option

for a minority of patients, but the appropriate type of
patient has not yet been defined.

In our opinion, some general recommendations for
the use of allogeneic SCT for patients with MDS can
be made given the available data. Patients up to 55
years of age should be evaluated at diagnosis for
potential SCT, and those with intermediate to high
risk should be considered for transplantation early
after diagnosis while those with a low risk score should
probably be observed until evidence of disease pro-
gression. Patients between 55 and 65 years of age
should be considered in the context of clinical trials.

Immunosuppressive therapy
In a recent study214 25 transfusion-dependent MDS

patients (with < 20% blasts) were treated in a phase
II study with antithymocyte globulin (ATG) at 40
mg/kg/d for four doses. Eleven subjects responded
and became transfusion-independent after ATG;
median response duration was 10 months (range 3-
38 months). Biesma et al.215 reported similar response
in two patients with hypoplastic MDS treated with
ATG and cyclosporin A.

Randomized studies are required to establish
whether ATG can be effective in restoring hemato-
poiesis in some MDS patients. Since aplastic anemia
and hypoplastic MDS show many similarities, it is
possible that the latter also respond to immunosup-
pressive therapy.

Treatment of the individual patient with
MDS: decision making by patient and
physician

Clinicians facing an individual patient with MDS
should be aware of the fact that the therapeutic
choice is difficult and partly dependent on the patien-
t’s expectations. Treatments proven to be effective in
clinical trials are summarized in Table 15.

We believe that any MDS patient should be given
the following information:

a) the natural history of MDS is highly variable,
ranging from a few months to more than ten years, but
most patients die because of disease-related causes
(complications of cytopenia, evolution into AML);

b) by using prognostic systems, e.g., the Interna-
tional Scoring System,7 it is possible to establish the
individual’s life expectancy with good approximation;

c) the only known curative treatment at present is
allogeneic stem cell transplantation. Transplant-relat-
ed mortality depends on the patient’s age and, per-
haps, on the stem cell source (related versus unrelat-
ed donor) and disease duration; in no case, at pre-
sent, can it be considered negligible;

d) aggressive AML-like chemotherapy can restore
normal polyclonal hematopoiesis216 and may cure a
small portion of MDS patients with relatively good
prognostic factors (in terms of age and cytogenetics);

e) some treatments (supportive therapy in all indi-
viduals, rHuEpo±G-CSF and low-dose ara-C in subsets
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of MDS patients) may improve the patient’s quality of
life. Theoretically, some patients who benefit from
these treatments in terms of quality of life might also
have prolongation of survival, but this is unproven.

The fully informed individual patient will then be
asked to participate in the therapeutic decision. The
approach we consider most appropriate based on
the evidence provided by clinical trials is that report-
ed in Figure 3. We are fully aware of the fact that
many physicians will disagree with us, but still feel
that this approach may represent a useful starting
base. Because of the inadequacies of all current treat-
ment modalities, participation in clinical trials is
encouraged.

Since cytogenetic information is not available from
at least 40% of MDS patients, the IPSS7 cannot be
used in these individuals. Alternative prognostic scor-
ing systems4 that are not based on cytogenetics
should be used in these cases to define the patient’s
risk. More generally each clinician should use a prog-
nostic scoring system217-220 that he or she is familiar
with, and classify the patient’s risk as low, interme-
diate or high.

Patients up to 55 years of age should be evaluated
at diagnosis for allogeneic SCT, the major potential-
ly curative treatment.

Patients likely to experience a short-term unfavor-
able evolution (those with an intermediate-1, inter-
mediate-2, or high risk IPSS which will include patients

with either increased blasts or intermediate or poor
risk cytogenetic features) should be considered for
transplantation (from an HLA-identical family donor
or from a compatible unrelated donor) early after
diagnosis. The use of single HLA antigen mismatched
related or HLA-matched unrelated donor grafts
should be considered at institutions with favorable
experience of using such alternative donors. If no
donor is available, AML-like chemotherapy should be
given. Such patients could also be considered for a
clinical trial with autologous SCT, if available. Those
refusing aggressive chemotherapy can be considered
for low-dose chemotherapy or just supportive therapy.

Patients up to 55 years of age with a low risk score
should be observed until evidence of disease progres-
sion, except, perhaps, in the case of a single life-threat-
ening cytopenia or a particularly young individual with
an HLA-matched related donor. In any case, the
patient’s expectations prevail: he or she should decide
whether to undergo SCT with a risk of transplant-relat-
ed mortality in the order of 25-50% and a probability
of cure of 50 to 75%. Patients up to 55 years who do
not have a donor or decide not to undergo SCT can
be offered a watchful-waiting strategy, or rHuEpo if Hb
is below 10 g/dL and serum Epo is below 100 mU/mL,
or participation in trials on the use of differentiating
agents, or supportive therapy. When there is evidence
of disease progression, the patient should be offered
SCT or AML-like chemotherapy.
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Table 15. Treatments of proven efficacy in MDS. Only treatments validated in clinical trials are herein reported.

Treatment Positive effects Adverse effects and/or disadvantages

Curative (or potentially curative) treatments 
(i.e., capable of eradicating the myelodysplastic clone and restoring a normal - allogeneic or autologous - polyclonal hematopoiesis)

Allogeneic stem cell transplantation Curative therapy for about 40% of eligible patients High transplant-related mortality

Intensive chemotherapy (anthracycline + ara-C) Potentially curative for a subset of patients Complications of cytopenia, 
short-lasting remissions

Treatments potentially capable of stimulating residual normal hematopoiesis and/or of improving the efficiency of myelodysplastic hematopoiesis

G-CSF Improvement in neutrophil count but with  High cost. Potentially
no impact on overall survival. Probably useful in individual capable of inducing/worsening

patients with febrile neutropenia thrombocytopenia

rHuEpo Amelioration of anemia in patients High cost
with serum Epo levels < 100 mU/mL and 

no or low transfusion requirement

rHuEpo + G-CSF Amelioration of anemia and elimination High cost
of transfusion requirements in patients with serum Epo 

levels < 500 mU/mL and transfusion need < 2 units/month

Low-dose ara-C Achievement of complete or partial remission in Hematologic toxicity in terms
patients with normal platelet count but of pancytopenia may be pronounced;

no impact on overall survival therapy-related death 
ranges from 7 to 20%



For patients over 55 years of age, risk of unfavorable
evolution and performance status represent the major
factors for decision making. Patients between 55 and
65 years of age with an intermediate or high risk, a
good performance status and an HLA-identical fam-
ily donor should be considered for allogeneic SCT in
the context of clinical trials. If no donor is available,
participation in a clinical trial of autologous SCT
should be considered. Patients between 55 and 75
years of age with a good performance status should
be given AML-like chemotherapy. 

Patients with poor performance status and/or over
75 years of age should routinely be given supportive
therapy.

Patients over 55 years of age with a low risk score
can be offered a watchful-waiting strategy, or rHuEpo if
Hb is below 10 g/dL and serum Epo is below 100
mU/mL, or participation in clinical trial on the use of
differentiating agents, or supportive therapy. When

there is evidence of disease progression, the patient
should be treated as patients of comparable age with
intermediate to high risk.
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Patient's age

≤ 55 years > 55 years

Intermediate to high
risk of short-term

unfavorable evolution

Low-risk of short-term
unfavorable evolution

Allogeneic SCT if a family or
unrelated donor is available

AML-like chemotherapy  or
participation in a clinical trial in
autologous SCT if no donor is
available

[if the IPSS is adopted, patients
≤ 55 years with intermediate risk
should be subdivided into Int-1
and Int-2. The first ones should be
treated as patients with low risk of
short term unfavorable evolution]

Allogeneic SCT if a donor is
avaliable and cure is the patient's
major objective, or the patient is
a particularly young individual with
an HLA-matched related donor

Patients up to 55 years who do
not have a donor or decide not to
undergo SCT can be offered  a
"watchful-waiting" strategy, or
rHuEpo if Hb is below 10 g/dL and
serum Epo is below 100 mU/mL,
or participation in trial on the use
of differentiating agents, or
supportive therapy. When there is
evidence of disease progression,
the patient should be offered SCT
or AML-like chemotherapy

Patients between 55 and 65 years
of age with a good performance
status and an available donor
should be considered for
allogeneic SCT in the context of
clinical trials

Patients between 55 and 75 years
of age with a good performance
status should be given AML-like
chemotherapy

Patients with poor performance
status and/or over 75 years of age
should routinely given supportive
therapy.

Patients can be offered a
"watchful-waiting" strategy, or
rHuEpo if Hb is below 10 g/dL and
serum Epo is below 100 mU/mL,
or participation in trial on the use
of differentiating agents, or
supportive therapy.

When there is evidence of disease
progression, the patient should be
treated as patients of comparable
age with intermediate to high risk

Intermediate to high
risk of short-term

unfavorable evolution

Low-risk of short-term
unfavorable evolution

Consider the patient's age and performance status and evaluate his/her risk by using a prognostic scoring system that you are
familiar with. Participation in clinical trials should always be encouraged.

Figure 3. Proposed approach to treatment of the individual patient with MDS. 
Since at least 40% of the MDS patients do not have cytogenetic information, the IPSS7 cannot be used in these individuals.
Alternative prognostic scoring systems that are not based on cytogenetics, e.g. the Sanz’s one218 should be used in these cas-
es to define the patient’s risk. More generally each clinician should use a prognostic scoring system that he or she is familiar
with, and classify the patient’s risk as low, intermediate or high.
Age limits should be considered very flexible due to the high biologic variability.
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