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Case report
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bstract

Therapeutic options for patients with relapse of MDS or high risk AML after allogeneic stem cell transplantation are limited. We here
resent the case of a 64-year-old female patient with MDS, who received peripheral blood stem cells from her HLA-identical brother after
non-myeloablative conditioning regimen. Two months after allogeneic transplantation she suffered from a relapse, now fulfilling WHO

riteria for AML with a bone marrow blast count of 91%. We then decided to treat her with azacitidine, a DNA methyltransferase inhibitor
ith proven antileukemic activity. The patient achieved a complete haematological response after two cycles and full donor chimerism after

single dose of donor lymphocytes.
We postulate that azacitidine acts through a direct reduction of malignant cells and may in addition augment the immunologic effects of

onor lymphocyte infusions.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

Disease progression after allogeneic blood stem cell trans-
lantation remains the major cause of treatment failure among
atients with MDS and high risk AML. The therapeutic
ptions for those patients with relapse after allogeneic stem
ell transplantation are limited. Currently used treatment
ethods are donor lymphocyte infusions, a second trans-

lant or conventional salvage chemotherapy [1]. The role
f a second transplant is questionable, as this option is lim-
ted to young patients with good performance status. Patients
elapsing within the first 6 months after transplantation have
n especially poor outcome, with less than 20% respond-

ng to chemotherapy and very few long-term survivors [1,2].
ttempts to harness the GVL effect by infusing donor lym-
hocytes have also been largely unsuccessful. In contrast to
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ML, DLI alone has a response rate between 0% and 25%
n AML or MDS. In combination with chemotherapy the
esponse rates increase up to 40% [1,3]. However, remissions
re of short duration and long-term survival is rare.

. Case report

A 64-year-old female with the initial diagnosis of a
yelodysplastic syndrome with the subtype of a refrac-

ory anaemia (RA) was admitted to our hospital in January
005. She presented with an elevated leukocyte count of
8.1 × 109 l−1, anaemia with haemoglobin of 8.2 g/dl, mild
hrombocytopenia of 102 × 109 l−1 and increased LDH of
28 U/l. Furthermore, a proportion of 4% blast was found in

he peripheral blood. The cytomorphological findings in the
one marrow showed transformation into refractory anaemia
ith excess blasts-2 (RAEB II). Since the karyotype was nor-
al, one cycle of standard cytotoxic chemotherapy according
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o the ICE scheme (idarubicine 12 mg/m2 on day 1, 3 and 5;
toposide 100 mg/m2 on days 1–3; and cytarabine 100 mg/m2

n days 1–7) was administered. After haematological recon-
titution, the marrow blast count was below 5% but dysplastic
hanges persisted in all cell lineages. Despite this encourag-
ng response we were aware that the majority of patients with
dvanced MDS cannot be cured by conventional chemother-
py. Still, there is a proportion of patients who may achieve
ong-term remission following high-dose therapy with allo-
eneic blood stem cell transplantation (SCT). Modifications
f conditioning regimens and improvements in the prophy-
axis of graft-versus-host disease (GVHD) have been pro-
osed to increase the proportion of patients who may achieve
ong-term remission after allogeneic SCT. Since our patient
as in good physical condition we offered her an allogeneic

ransplantation using peripheral blood stem cells from the
LA-identical brother following a non-myeloablative condi-

ioning regimen (fludarabine 30 mg/m2 on 3 consecutive days
nd 2 Gy total body irradiation). In the early period following
llogeneic transplantation, there were no serious side effects.
he bone marrow on day +28 showed a donor chimerism of
5% and 5% residual female cells (46,XY [21]/46,XX [1])
n cytogenic examination. At this time point the peripheral
lood counts were normal.

Three weeks later, on day +50 after SCT, we noted a reap-
earance of blast cells in the blood and therefore reduced
he GVHD prophylaxis to facilitate a GVL effect. At the
ame time the proportion of blast cells in the peripheral
lood increased from 6% to 54%. This was associated with
substantial decrease of donor chimerism in the blood.
bone marrow examination showed 91% immature blast

ells.
Considering age and performance status 3 months after

SCT (Karnofsky index of 70%) a conventional salvage
hemotherapy or a second transplantation were not feasible.
e therefore decided to treat her with azacitidine (Vidaza®),
DNA methyltransferase inhibitor which has a proven

ntileukemic activity. The agent was recently approved by
he FDA for the treatment of patients with myelodysplas-
ic syndrome (MDS) [4,5]. Our patient received two cycles
f azacitidine (100 mg/m2) subcutaneously for 5 consecu-
ive days at intervals of 4 weeks. Side effects were cytope-
ia, pneumonia, CMV-reactivation and moderate elevation
f liver enzymes. Prior to azacitidine treatment, the abso-
ute peripheral leukocyte count increased to 36.6 × 109 l−1

nd the LDH to 1119 U/l (normal levels: <212 U/l). Four
eeks after the first cycle the peripheral leukocyte count

nd LDH became normal and no peripheral blasts could be
etected. Four weeks after the second cycle the bone marrow
xamination showed complete haematological remission and
male karyotype. Peripheral blood chimerism increased to

5.3% and the platelet count returned to normal levels. This is

onsistent with the observation that DNA methyltransferase
nhibitors selectively suppress malignant cells and thereby
acilitate the expansion of normal bone marrow progenitor
ells.
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For consolidation she received a singular donor lympho-
yte infusion of 2.5 × 106 CD3+ cells/kg 3 weeks after the
econd azacitidine cycle. During the following 4 weeks the
eripheral blood count and the LDH were stable and a donor
himerism of 100% could be detected. After a follow up
eriod of 7 months after therapy with azacitidine the patient
s still in complete remission.

. Discussion

The mechanism of action of azacitidine is related to the
nhibition of the enzyme cytosine methyltransferase, which
esults in the reduction of methylation of CpG dinucleotide
NA-islands. This hypomethylation can induce the activa-

ion of silent genes which may promote the terminal differ-
ntiation of leukemic cells [6]. Bone marrow cells of patients
reated with DNA methyltransferase inhibitors showed phe-
otypic modifications, including the reduction of CD13 and
D33 expression and an increase in antigenic density of sur-

ace determinants of mature myeloid cells such as CD16 and
D11c [7]. Furthermore, according to the work of Santour-

idis et al. treatment with DNA-demethylating agents resulted
n a rapid and stable induction of transcription and cell sur-
ace expression of formerly unexpressed KIRs (killer Ig-like
eceptors) in NK cells [8], which are involved in the specific
ecognition of leukemic target cells and are able to generate a
raft-versus-leukemia effect [8]. The increased expression of
HC class I and II molecules on the surface of the recipient

eukemic cells on the one hand [7] and the de novo expres-
ion of formerly silenced KIR genes in donor NK cells on
he other hand may increase the efficacy of a graft-versus-
eukemia effect after allogeneic SCT.

We therefore postulate that azacitidine acts through a
irect reduction of malignant cells and may in addition aug-
ent the immunologic effects of donor lymphocyte infusions.
reatment with low dose azacitidine was associated with only
arginal non-haematopoietic toxicity which is important in

atients relapsing after HSCT. Future studies examining the
ellular events associated with azacitidine therapy for relapse
r mixed chimerism after SCT are warranted.
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