
haematologica | 2016; 101(7) 879

Received: January 7, 2016. 

Accepted: April 12, 2016.

Pre-published: April 14, 2016.

©2016 Ferrata Storti Foundation

Check the online version for the most updated
information on this article, online supplements,
and information on authorship & disclosures:
www.haematologica.org/content/101/7/879

Material published in Haematologica is cov-
ered by copyright. All rights are reserved to the
Ferrata Storti Foundation. Copies of articles
are allowed for personal or internal use.
Permission in writing from the publisher is
required for any other use.

Correspondence: 

charles.craddock@uhb.nhs.uk

Ferrata Storti
Foundation

EUROPEAN
HEMATOLOGY
ASSOCIATION

Haematologica 2016
Volume 101(7):879-883

ARTICLEStem Cell Transplantation

doi:10.3324/haematol.2015.140996

Disease relapse is the most common cause of treatment failure
after allogeneic stem cell transplantation for acute myeloid
leukemia and myelodysplastic syndromes, yet treatment

options for such patients remain extremely limited. Azacitidine is an
important new therapy in high-risk myelodysplastic syndromes and
acute myeloid leukemia but its role in patients who relapse post allo-
graft has not been defined. We studied the tolerability and activity of
azacitidine in 181 patients who relapsed after an allograft for acute
myeloid leukemia (n=116) or myelodysplastic syndromes (n=65). Sixty-
nine patients received additional donor lymphocyte infusions. Forty-six
of 157 (25%) assessable patients responded to azacitidine therapy: 24
(15%) achieved a complete remission and 22 a partial remission.
Response rates were higher in patients transplanted in complete remis-
sion (P=0.04) and those transplanted for myelodysplastic syndromes
(P=0.023). In patients who achieved a complete remission, the 2-year
overall survival was 48% versus 12% for the whole population. Overall
survival was determined by time to relapse post transplant more than
six months (P=0.001) and percentage of blasts in the bone marrow at
time of relapse (P=0.01). The concurrent administration of donor lym-
phocyte infusion did not improve either response rates or overall sur-
vival in patients treated with azacitidine. An azacitidine relapse prog-
nostic score was developed which predicted 2-year overall survival
ranging from 3%-37% (P=0.00001). We conclude that azacitidine repre-
sents an important new therapy in selected patients with acute myeloid
leukemia/myelodysplastic syndromes who relapse after allogeneic stem
cell transplantation. Prospective studies to confirm optimal treatment
options in this challenging patient population are required.
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ABSTRACT

Introduction

Allogeneic stem cell transplantation (SCT) is an important curative option in
patients with high-risk acute myeloid leukemia (AML) and myelodysplastic syn-
dromes (MDS). The major cause of treatment failure remains disease relapse,
which occurs in 40%-70% of patients.1,2 Little progress has been made to date in



developing effective treatment options for patients with
recurrent disease after allogeneic SCT, and the great
majority remain destined to die of resistant disease.3

Although a small number of patients with disease recur-
rence can survive long term after a second transplant or
donor lymphocyte infusion (DLI), the success of both
these treatment modalities is contingent on the prior
acquisition of morphological remission with salvage ther-
apy.4,5 At present, the only  established salvage option for
patients who relapse post allograft is intensive chemother-
apy which is variably effective, with reported complete
response (CR) rates of 15%-30%, and is often poorly tol-
erated in this heavily pre-treated population patients.3-5

The low rates of response to myelosuppressive
chemotherapy, coupled with its substantial toxicity and
requirement for lengthy hospitalization, makes the identi-
fication of more effective and better tolerated re-induction
therapies for patients relapsing after allogeneic SCT a sig-
nificant unmet clinical need.

Azacitidine (AZA) is a DNA methyltransferase inhibitor
(DNMTI) which demonstrates significant clinical activity
in patients with AML and high-risk MDS.6,7  The mecha-
nism of the anti-tumor activity of AZA has not been deter-
mined but may be due to  its ability to reverse epigeneti-
cally silenced pro-apoptotic pathways. AZA also has the
capacity to up-regulate the expression of epigenetically
silenced tumor antigens, and can  induce a CD8+ T-cell
response to tumor antigens post transplant, raising the
possibility that it may have the  potential to augment a
graft-versus-leukemia (GvL) response.8,9 A number of small
series have reported that AZA can induce remissions in
patients who relapse after an allogeneic transplant, raising
the possibility that this agent represents a potential new
treatment strategy in this challenging patient population.10-

12 Furthermore, it has been suggested in single arm studies
that AZA may augment the anti-tumor activity of DLI in
patients who relapse after an allograft.13 However, impor-
tantly, so far there has been no systematic analysis of the
clinical activity of AZA in patients who have relapsed after
an allograft for AML or MDS, or of whether its activity is
increased by the concurrent administration of DLI.

Methods

Patients
The study cohort was made up of 181 patients from the EBMT

database who had received AZA for the treatment of morpholog-
ical disease relapse between 2006 and 2010 after an allogeneic
stem cell transplantation for AML or MDS. Only patients who
received AZA within one month of disease recurrence were
included. Patients who had received prophylactic or pre-emptive
post-transplant AZA were specifically excluded from this analysis.
Study patients' characteristics are summarized in Table 1; 116
patients had undergone transplantation for AML and 65 for MDS.
Median time from transplant to relapse was eight months (range
1-71 months); 72 patients relapsed within six months of trans-
plant, 52  between six and 12 months post transplant, and 57 more
than 12 months post transplant. In patients who had been trans-
planted as treatment for AML, presentation cytogenetics were
classified as either good, intermediate or adverse risk  according to
the  Medical Research Council (MRC) criteria14 and in patients
transplanted for MDS utilizing the International Prognostic
Scoring System.15 Seventy-two patients were transplanted using a
matched sibling donor and 109 from an adult unrelated donor.

Forty-six patients received a myeloablative conditioning (MAC)
regimen and 135  patients received a reduced intensity (RIC) regi-
men according to EBMT criteria.16

Azacitidine therapy
Azacitidine was administered at a dose of 75 mg/m2 for 5-7 con-

secutive days every month. Median time from relapse to com-
mencement of AZA was 11 days (range 1-30 days). The median
duration of AZA treatment was 53 days (2-1196 days) and the
median total AZA dose delivered to the study population was
1050 mg/m2 (75-10,500 mg/m2). Sixty-nine patients received DLI
in addition to AZA treatment, 39 of whom received DLI within
two months of commencing AZA salvage and in the absence of a
clinical response. Thirty-five patients proceeded to a second allo-
geneic transplant after AZA salvage therapy at a median of 119
days (range 12-1183 days) after the commencement of salvage
AZA. Twenty-four patients were allografted before an assessment
of response to AZA salvage was made (median 82 days), 6 of
whom were transplanted after acquisition of a major response
[complete response/partial response (CR/PR)] following AZA ther-
apy and 5 after loss of a major response to AZA. 
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Table 1. Patients' characteristics.
N %

Diagnosis AML 116 64.1
MDS 65 35.1 

Patient sex Male 111 61.3
Female 70 33.1

Donor sex Male 119 66.9
Female 59 34.9

Female to male No 142 79.8
Yes 36 20.2

Donor Identical sibling 72 39.8
Matched unrelated 105 58.0

Mismatched relative 4 2.2
Number of transplant First 161 89.0
before relapse Second allograft 20 11.0
TBI No 142 78.5

Yes 39 21.5
Conditioning MAC 46 25.4

RIC 135 74.6
Source of SC BM 18 9.9

PB 163 90.1
CMV patient Negative 71 39.4

Positive 109 60.6
Missing 1

CMV donor Negative 91 50.6
Positive 89 49.4
Missing 1

CMV donor/patient Neg to neg 50 27.9
Pos to neg 20 11.2
Neg to pos 41 22.9
Pos to pos 68 38.0

Missing 2
Cytogenetics in AML Good 6 5.2

Intermediate 58 50.0
Adverse 39 33.6

N/A 13
Cytogenetics in MDS Good 22 36.7

Intermediate 25 41.7
Adverse 13 21.7

NA 5
AML: acute meyloid leukemia; MDS: myelodysplastic syndromes; TBI: total body irradi-

ation; SC: stem cells; CMV: cytomegalovirus; MAC: myeloablative conditioning; RIC:
reduced intensity conditioning; BM: bone marrow; PB: peripheral blood; NA: not appli-
cable.



Non-hematologic toxicities were graded using the National
Cancer Institute's Common Terminology Criteria for Adverse
Events (http://ctep.cancer.gov/protocoldevelopment/electronic_applica-
tions/ctc.htm). Hematologic toxicity was not assessable in the pres-
ence of active leukemia.

Response criteria
Response to AZA was assessed by conventional morphological

criteria and evaluated in patients who had received AZA alone or
AZA in combination with DLI. CR was defined as acquisition of
less than 5% blasts on bone marrow assessment. PR was defined
using the criteria defined by Cheson et al.17

Statistical analysis
The primary end point of  the study was overall survival (OS).

Secondary end points were response rate (CR or PR). Outcome
parameters were measured from the date of commencement  of
AZA. Cumulative incidence curves were used to estimate CR and
response rate, as  death was a competing event.18 The probability
of OS was calculated using the Kaplan-Meier method. Two Cox
proportional hazards models were developed,   including or  not
DLI  within  two  months  as  a  time-dependent  variable. Fixed
variables were diagnosis (AML or MDS), cytogenetics at time of
diagnosis, time to relapse, the percentage of blasts in bone marrow
at time of relapse, chronic GvHD before AZA, DLI  before AZA,
and year of transplantation. A stepwise procedure was then used
for selection of variables with a P value of 0.05. The two remain-
ing significant fixed factors, time interval from transplant to
relapse and percentage of blasts in bone marrow at time of relapse,
were used to develop a risk score in an  additive way. Twenty-four
patients who received AZA and proceeded to a second transplant
were excluded from the prognostic factor analysis.

Results

Tolerability of AZA in patients who have
relapsed post allograft

Fifty-two patients developed grade 3-4 non-hematologic
toxicity during the course of AZA administration.
Eighteen patients developed Grade 3-4 sepsis/infectious-
related complications, 15 patients Grade 3-4 pneumonia,
and 7 patients Grade 3-4 liver/gastrointestinal toxicity. It is
likely that disease-related neutropenia made a substantial
contribution to infection-related toxicities. Thirteen
patients developed Grade 2-4 GvHD after AZA therapy, of
whom 7 had received prior DLI. Five of the 112 patients
who did not receive DLI developed Grade 2-4 GvHD. One
patient developed GvHD after DLI followed by a second
transplant.

Clinical response to AZA salvage therapy
Forty-six of 157 (29.3%) assessable patients treated

with AZA or AZA and DLI in combination demonstrated
a major response (CR/PR) to AZA salvage therapy.
Twenty-four (15.3%) patients achieved a CR and 22
(14%) a PR. Median time to achieve a CR after com-
mencement of AZA was 108  days. In multivariate analy-
sis, transplantation for MDS as opposed to AML was
associated with a higher probability of achieving a major
response [HR 0.48 (0.26-0.90); P=0.023] and transplanta-
tion in CR [HR 1.92 (1.03-3.58); P=0.04] (Table 2). The
additional administration of DLI  within two months of
AZA administration was analyzed as a time-dependent
variable and had no impact on OS [HR=1.04 (95%CI:
0.67-1.61); P=0.86]. 

Overall survival after AZA salvage therapy
The median follow up after commencement of AZA

therapy was 24 months (range 2-72 months).   At the time
of latest follow up, 163 patients had died: 130 of disease
relapse, 25 of infection-related complications, 5 of GvHD,
and 3 of miscellaneous transplant-related complications.
Eighteen patients are still alive.

The 2-year OS for the whole group was 12.4%. The 2-
year OS in patients achieving a CR after AZA salvage was
48.4%, and 28.7% in patients with a major response. In
multivariable analysis, the following factors were predic-
tive of 2-year OS at the time of relapse (Table 3): time to
relapse 6-12 months versus less than six months [HR 0.51:
(0.35-0.76); P=0.001] or more than 12 months [HR 0.29
(0.19-0.44); P=<10-4), respectively, and blasts in bone mar-
row greater than median (20%) at time of relapse [HR 1.5
(1.1-2.13); P=0.012].
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Table 2. Multivariable analysis of factors determining acquisition of a
major clinical response in patients relapsing after an allogeneic trans-
plant for acute myeloid leukemia or myelodysplastic syndrome who
were treated with azacitidine.

P HR 95% CI
inf sup

Diagnosis AML vs. MDS 0.023 0.48 0.26 0.90
CR at transplant 0.04 1.92 1.03 3.58
AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; CR: complete response.

Table 3. Multivariable analysis of factors determining 2-year overall
survival after azacitidine treatment.

P HR 95% CI
inf sup

Interval SCT-relapse < 6 mo (Ref) 1.00 
6-12 mo vs. <6 mo 0.001 0.51 0.35 0.76
>12 mo vs. <6 mo <10-4 0.29 0.19 0.44
Blasts in BM at relapse 0.012 1.53 1.10 2.14
>median
SCT: stem cell transplantation; mo: months; BM: bone marrow; Ref: reference.

Figure 1. Two-year overall survival after azacitidine therapy in patients who
relapsed after an allogeneic transplant for acute myeloid leukemia or
myelodysplastic syndrome according to the AZA Relapse Prognostic Score.



In a time-dependent multivariable analysis (Table 4), the
following factors were predictive of 2-year OS: time to
relapse post allograft 6-12 months versus less than six
months [HR 0.5 (0.33-0.77); P=0.001] and more than 12
months, respectively [HR 0.29 (0.19-0.44); P=<10-5] and
blasts in bone marrow greater than median (20%) at time
of relapse [HR1.52 (1.08-2.15); P=0.02]. The administra-
tion of DLI within two months of commencement of AZA
salvage had no impact on either the probability of achiev-
ing a major response or 2-year OS.

The development of the AZA Relapse Prognostic Score
Using factors previously identified to determine survival

after AZA therapy, it was possible to create a scoring sys-
tem based on interval from transplant to relapse and blast
percentage in the bone marrow at the time of relapse. In
the AZA Relapse Prognostic Score (ARPS), the interval
from transplant to relapse was assigned 2 points if less
than six months, 1 if 6-12 months, and 0 if greater than 12
months. A blast percentage greater than the median (20%)
at relapse was assigned 1 point. Utilizing the ARPS pre-
dicted the likelihood of achieving both a CR and major
response as well as 2-year OS after AZA salvage therapy
(Table 5 and Figure 1).

Discussion

The ability of AZA to produce major clinical responses
in a proportion of patients who relapse after an allograft
for AML or MDS conclusively identifies this agent as a
new treatment option in this challenging clinical setting.
Furthermore, our study represents the first systematic
analysis of activity of AZA in patients relapsing post trans-
plant and it defines factors predicting the likelihood of
response, which will assist its logical deployment. A sec-
ond transplant or administration of DLI represent the only
treatment modalities with the capacity to deliver long-
term survival in patients with recurrent disease after an
allogeneic transplant, but their utility is almost entirely
dependent on the  prior acquisition of a morphological
remission.3 Currently the only established therapy in this
patient population is intensive chemotherapy which has
been reported to result in 2nd CR rates in the region of
15%-30% but is associated with significant toxicity and
prolonged hospitalization.3-5 Our data permit, for the first
time, the identification of patients with a significant
chance of responding to AZA in whom DLI or a second
transplant can be delivered with potential curative effect.
The retrospective nature of these data, in common with
previous reports of outcome after intensive chemothera-
py, introduces significant potential selection bias. We have
deliberately only studied patients who received AZA
within a month of relapse in order to minimize this bias.
It will be important, however, for future studies address-
ing this important clinical challenge to be performed
prospectively, either in a registration study or as a random-
ized comparison of AZA and intensive chemotherapy. 

For patients who have experienced the rigors of a previ-
ous allograft, considerations of both treatment toxicity
and patient disposition are important. In general, AZA re-
induction was well tolerated. Although approximately
30% of patients experienced Grade 3-4 non-hematologic
toxicities, these were principally due to infection and like-
ly to be consequent upon the cytopenias associated with

disease relapse rather than being directly attributable to
AZA. There was a notably low incidence of GvHD
observed in this study, which is surprising given the likeli-
hood that many patients had undergone a rapid immuno-
suppression taper. Although this observation requires
prospective validation, it is consistent with the demonstra-
tion that AZA has  the capacity to expand regulatory T
cells post transplant, which may result in a reduced risk  of
GvHD.19,20 An additional, potentially valuable benefit of
the use of AZA compared with intensive chemotherapy in
this patient population is the opportunity to deliver sal-
vage therapy as an out-patient. The other pressing thera-
peutic challenge in the management of patients with
relapsed disease is to maximize the curative potential of a
second transplant in patients who have responded to sal-
vage therapy. Transplant toxicity remains substantial in
this setting and it is possible that AZA results in less  organ
toxicity than conventional chemotherapy.

In the light of the significant number of patients who do
not respond to AZA therapy, an  important question raised
by our data is whether it is possible to increase the
response rate to AZA in this patient population. One pro-
posed approach has been to combine AZA with DLI.21

This is the first study to study the impact of concurrent
DLI on AZA response, and we failed to demonstrate any
benefit associated with the  co-administration of DLI. Co-
administration of a histone deacetylase inhibitor, such as
sodium valproate or vorinostat, may increase both the
overall response rate and its speed in patients with AML
and MDS,22-24 and it would be interesting to study such an
approach in patients who relapse after an allograft. AZA
has previously been shown to up-regulate the expression
of epigenetically silenced tumor antigens, and one  of its
mechanisms of action in patients who have relapsed after
an allogeneic transplant is the augmentation of a GvL
effect. Consequently, combined administration of AZA
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Table 4. Time-dependant multivariable analysis of factors determining
2-year overall survival after azacitibine treatment.

P HR 95% CI
inf sup

Blast in BM at relapse>median 0.02 1.52 1.08 2.15
Interval SCT-relapse
<6 mo (Ref) 1.00
6-12 mo vs. <6 mo 0.001 0.50 0.33 0.77
>12 mo vs. <6 mo <10-5 0.29 0.19 0.44
BM: bone marrow; SCT: stem cell transplantation; mo: months; Ref: reference.

Table 5. Two-year overall survival of 181 patients who relapsed after
an allogeneic transplant for acute myeloid leukemia or myelodysplas-
tic syndrome treated with azacitibine according to the AZA Relapse
Prognostic Score. 
Risk score 2-year OS after Major response Response

AZA (CR/PR after AZA) (CR after AZA)

0 (n=33) 37.2% [19.4-55] 48.5% [30.3-64.5] 33.9% [18.1-50.3]
1 (n=51) 15% [4.8-25.3] 27.9% [16.2-40.9] 14% [6-25.2]
2-3 (n=97) 3.1% [0-6.5] 16.5% [9.9-24.6] 8.2% [3.9-14.9]

P=<0.00001 P=0.0017 P=0.0019

AZA: azacitibine; CR: complete response; PR: partial response; mo: months. Scoring
based on time interval of transplant to relapse (< 6 mo.  = 2 points, 6-12 mo.  = 1 point,
>12 mo.  =  0 points) and blasts in BM at relapse >median = 1 point.



with lenalidomide, an immunomodulatory drug with the
capacity to activate CD8+ T cells, which also has the capac-
ity to salvage patients with relapsed myeloid malignancies
who relapse post transplant, would be of interest.25

In conclusion, our data demonstrate a potentially impor-
tant role for AZA in the management of selected patients
with relapsed AML or MDS after an allograft. Given its
acceptable toxicity and ease of administration, these
results emphasize a role for AZA as a novel treatment
strategy in patients with recurrent disease. The develop-

ment of cellular or pharmacological strategies with the
capacity to increase response rates is a priority.
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