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Prognostic factors and therapeutic options for
relapsed or refractory acute myeloid leukemia 

Acute myeloid leukemia (AML) is a
malignant blood disorder character-
ized by blocked or impaired differen-

tiation of hematopoietic stem cells, result-
ing in abnormal accumulation of immature
precursors and suppression of growth and
maturation of normal hematopoiesis.1 Over
the past years, the application of novel
cytogenetic and molecular techniques has
markedly improved our knowledge on the
pathophysiology of the disease, resulting in
new potential therapies.2-4 Notwithstanding
this, current therapeutic results are still
unsatisfactory, particularly in patients of
advanced age and/or in those with primary
refractory or relapsed disease, due to diffi-
culties in translating new pathogenetic
insights from the bench to bedside.5-12 In
particular, recurrence of AML after a com-
plete remission (CR) has been achieved still
represents a major obstacle to overcome

when cure is the objective of the treat-
ment.7-12 In this review, we will focus on the
most relevant biological and clinical
aspects of relapsed AML, including prog-
nostic factors, current therapeutic results
with conventional chemotherapy and stem
cell transplantation, and new therapeutic
strategies based on the selective inhibition
of pathways involved in leukemogenesis
and/or the immunologic targeting of
leukemic cells.

Clinical presentation of relapse in AML
Three patterns of relapse can be distin-

guished in AML, i.e. hematologic relapse,
extramedullary relapse and molecular
relapse. Hematologic relapse is defined as
the reappearance of blast cells to constitute
more than 5% of the cells in the bone mar-
row and is generally considered as an
absolute indication to treatment.13 It is
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important to quantify the level of leukemic bone mar-
row infiltration exactly, because this knowledge may
influence the therapeutic decision as will be discussed
in the section on stem cell transplantations.
Extramedullary (EMD) relapse can occur either in iso-
lation, raising the need for local radiotherapy followed
by any kind of consolidation, or in association with
hematologic relapse.14,15 It more often occurs in core-
binding-factor (CBF) AML, i.e. AML with t(8;21) and
AML with inv16, presenting as granulocytic sarcoma.16

Less frequently, the central nervous system (CNS) may
be involved with the typical picture of meningeal
leukemia. A particularly intriguing finding is the occur-
rence of EMD relapse in patients with acute promye-
locytic leukemia (APL) treated with all-trans retinoic
acid (ATRA) in combination or not with chemothera-
py, the most frequently involved sites being the CNS,
skin and middle ear.17,18 However, a large study by Spec-
chia et al. did clearly show that EMD relapse is infre-
quently observed in APL and that patients receiving
ATRA plus chemotherapy (AIDA protocol) have a sim-
ilar risk of undergoing relapse with EMD involvement
as do patients treated with chemotherapy alone.19

Moreover, data from this study pointed to a different
pattern of EMD localization in the two cohorts, with
a higher prevalence of CNS involvement at relapse in
patients receiving ATRA.19 Thus, prophylaxis with
inthrathecal chemotherapy should be considered for
high risk APL patients, defined as those having a white
blood count over 10×106/L at diagnosis.20

At the moment the detection of molecular relapse
results in the need for treatment only in APL
patients.13,21,22 Early work from the GIMEMA group
clearly demonstrated that APL patients treated in
molecular relapse fare significantly better than those
treated in hematologic relapse.23,24 Such an approach,
now accepted world wide, has significantly improved
the overall outcome of patients with APL24 and repre-
sents a paradigm for the concept of molecular relapse
in AML.21 An intriguing question is whether we can
extend the APL model to other AML subtypes. In CBF-
AML the cytogenetic abnormality results in the for-
mation of hybrid fusion genes, i.e. AML1/ETO for
t(8;21) and CBFβ/MY11 for inv(16)/t(16;16), which can
be quantified in CR patients.26 While previous studies16

claimed that persistent positivity for the AML1/ETO
hybrid gene in AML with t(8;21) had no or only poor
prognostic relevance, recent data based on quantifi-
cation of fusion transcripts in AML1-ETO+ AML or
CBFβMYH11+ AML show these are strongly predictive
of prognosis and can be considered in the selection of
post-remission therapy or in decisions of whether to
treat patients with a progressive increase in the
amount of hybrid transcripts.27-29 In a multicenter study
of 51 patients with t(8;21) in first or second CR, all

samples were tested by two different reverse tran-
scription polymerase chain reaction (RT-PCR) tech-
niques (a nested technique and a one step technique
with a sensitivity of 10-6 and 10-5, respectively). Sam-
ples from 14 potentially cured patients (median fol-
low-up 112 months) were taken at least twice and all
were PCR negative by both techniques. In addition,
samples from 37 patients were prospectively taken
after the patients had achieved CR1 and/or CR2, before
consolidation treatment, and every 3 to 6 months after
completion of therapy. Of interest, patients who con-
verted to PCR negativity after achieving CR as well as
for those who became PCR-negative with the one step
technique before intensive consolidation treatment
were observed to have a better prognosis. The one-
order lower sensitivity of one-step PCR may be the
explanation for its better clinical usefulness.30

Finally, for patients in whom specific molecular
abnormalities are not detectable, monitoring Wilms’
tumor 1 gene (WT1) expression has been shown to add
relevant prognostic information that may be useful for
treating molecular relapse in patients in hematologic
remission.31-33

Prognostic factors for relapsed AML
Different clinical and prognostic parameters have a

major role in predicting prognosis in newly diagnosed
AML patients.34 In particular, age, cytogenetics and
early blast clearance have been found to be signifi-
cantly related to CR rate and survival, better results
being achievable in young adult patients with favor-
able cytogenetics.35 As far as cytogenetic abnormalities
are concerned, two substantially overlapping classifi-
cation systems have been proposed by the United
Kingdom Medical Research Council (MRC) Cooperative
group36 and the South West Oncology Group from the
United States.37 Accordingly, three groups can be dis-
tinguished: (i) a better prognosis group including those
with t(8;21), inv(16) and t(16;16), accounting for 10-
15% of patients and more commonly occurring below
the age of 60 years; (ii) a group with an unfavorable
prognosis, more frequently comprising elderly patients,
with monosomies or long arm deletions of chromo-
somes 5 and 7 and abnormalities involving 3 or more
chromosomes (complex karyotype); (iii) an intermedi-
ate group accounting for 50-60% of cases including
normal karyotypes and all other aberrations. While the
prognostic relevance of karyotype in primary AML is
well established and universally accepted, the value
of cytogenetics at diagnosis for relapsed patients is
not so well defined.38 Notwithstanding, in univariate
analysis different authors have demonstrated that
relapsing patients with adverse cytogenetics at diag-
nosis have a poorer outcome than those within the
favorable or intermediate subset.39-42 However, results
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are less impressive in multivariate analysis because of
the pivotal prognostic role of the duration of first CR
(CR1) i.e. longer or shorter than 12 months (p =
0.0001). This is shown in Figure 1, derived from a series
of 101 relapsed AML patients observed at our institu-
tion. It is worth noting that the duration of CR1 sig-
nificantly affected both achievement and duration of
second CR (CR2), both in univariate and multivariate
analyses in all studies focusing on prognostic factors
in relapsed AML.7-10 In addition, the prognostic value of
CR1 duration has been confirmed for each additional
year of CR.39 However, it should be remembered that
the majority of patients with CR1 lasting for less than
one year belong to the adverse or intermediate cyto-
genetic category, therefore the lack of statistical sig-
nificance in multivariate analysis in some studies may
exclusively depend on the consistent overlapping of
the two variables. In a recent report including 152
patients with relapsed AML, the CR2 rate of patients
receiving salvage chemotherapy was 88, 64 and 36%
among patients with cytogenetics defined by the MRC
as favorable, intermediate or adverse. Moreover, there
was a clear stepwise improvement in overall survival
(OS) and disease-free survival (DFS) from the adverse
to the favorable cytogenetic risk category.43

Age represents an additional relevant prognostic
factor in relapsed AML.44 However, it should be remem-
bered that advanced age is associated with adverse
cytogenetics and CR1 of short duration, which in turn
account for poorer clinical outcome.5,6 While a number
of studies have looked at prognostic factors in newly
diagnosed elderly AML patients,5,6,33 few data are avail-
able on the specific issue of relapse in older AML

patients. In a retrospective multicenter study on 150
AML patients aged over 60 years  in first relapse, we
found that 66% of them had been given aggressive
therapy aimed at achieving CR2, while 34% had been
managed with palliative treatment; of note, selection
had been made mainly according to performance sta-
tus at relapse.44 Focusing on the subgroup of 100
aggressively treated patients, the CR1 duration was
the only parameter significantly related to the CR2
rate, DFS and OS, while cytogenetics had a border-line
effect (p = 0.09 in the multivariate analysis). In par-
ticular, the median survival was 8 months for patients
whose CR1 lasted for more than twelve months as
opposed to 4 months for the opposite group (p =
0.002), while median CR2 duration was 11 months vs.
5 months (p = 0.001), respectively. Overall, by retro-
spectively analyzing a large series of 164 relapsed
patients aged over 60 years seen at our institution, we
found that the median survival in patients receiving
aggressive therapy and in those managed with only
support was 5 and 3 months, respectively, and that
this difference, despite being statistically significant (p
= 0.03), is of only marginal clinical significance (Fig-
ure 2). Moreover, the advantage of aggressive salvage
chemotherapy was irrelevant when analysis of thera-
peutic results was limited to the subgroup of patients
with CR1 lasting for less than 12 months (4 months vs.
3 months, p = 0.10). These findings clearly suggest that
advanced age by itself represents a main adverse prog-
nostic factor in relapsed AML, with substantially no
possibility of achieving long-term survival or cure as
shown in Figure 3, in which 101 patients observed at
our institution were compared by age. Accordingly,

Figure 1. Overall survival from a series of 101 patients
observed at our institution with relapsed AML according
to CR1 duration, i.e. > or < than 12 months (p = 0.0001).

Figure 2. Overall survival from a series of 164 relapsed
AML patients aged over 60 years observed at our insti-
tution according to treatment at relapse. The difference
is statistically significant (p = 0.03) in favour of aggres-
sive treatment vs palliation; however, the actual  median
survival (5 months vs 3 months) clearly indicates the
absence of a clinically relevant advantage
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relapsed elderly AML patients should be considered as
ideal candidates for innovative therapeutic approach-
es. Finally, post-CR1 therapy represents a further fac-
tor influencing treatment results in relapsed AML, CR2
rate and duration being progressively worse after con-
solidation of CR1 with chemotherapy, autologous or
allogeneic stem cell transplantation.7-10

The main prognostic factors for patients with
relapsed AML are summarized in Table 1.

Therapeutic options for relapsed AML
Different therapeutic options (Table 2) are current-

ly available for patients with relapsed AML, including
conventional salvage chemotherapy, stem cell trans-
plantation and new investigational agents.

Salvage chemotherapy
Therapeutic results for relapsed AML derive from ret-

rospective studies, phase II single-agent studies, phase
II combination-agent studies and a few phase III ran-
domized trials.8 Overall, CR2 rates range from 20 to
80%, with a median duration of CR2 ≤ 14 months and
on overall median survival of ≤ 12 months. The proba-
bility of 3-year survival ranges from 8 to 30%. Best
results in terms of CR2 rate and duration have been
reported after combination therapies in patients with
CR1 lasting for more than 12 months with favorable or
intermediate cytogenetics (8-10). High or intermediate
dose cytarabine (ARA-C)-based regimens still represent
the most frequently adopted therapy.45-49 In the last
years, the combination of fludarabine with intermedi-
ate dose ARA-C and granulocyte colony-stimulating

factor (G-CSF) (the FLAG regimen) with or without
anthracyclines has been widely investigated as salvage
treatment of AML in young adult or pediatric patients,
usually resulting in CR2 rates higher than 50%.50-56 The
rational of these regimen relies on the synergistic action
of fludarabine with ARA-C in increasing the intracellu-
lar level of the active metabolite ARA-CTP.57 The role of
G-CSF was either to induce leukemic cells to prolifer-
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Table 1. Main adverse prognostic factors.

Age  (> or < than 60 years)

Cytogenetics at diagnosis (MRC or SWOG criteria)

CR1 duration (more or less than 12 months) 

Previous treatment (CHT, ASCT, alloSCT

Table 2. Therapeutic options for relapsed AML patients.

Salvage chemotherapy (generally high/intermediate dose
ARA-C based)

Local therapy followed by consolidation
(extrahematologic relapse)

Upfront alloSCT (relapse with low marrow infiltration)

Investigational agents 

Combination of conventional chemotherapy + investigational
agents 

No therapy

Figure 3. Overall survival from a series of 101 AML
relapsed patients observed at our institution according to
age, i.e.< or > 60 years (p = 0.001). The poor outcome
of the older patient population suggests that these
patients are ideal candidates for new therapeutic strate-
gies.
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Table 3. New agents with proven activity in relapsed AML.

Monoclonal antibodies (gemtuzumab ozogamycin) 

Nucleoside analogs (clofarabine, troxacytabine)

FLT3 inhibitors (CEP-701, PKC412, SU5416, SU5614,
SU11248)

Farnesyltransferase inhibitors (R115777-ZARNESTRA)

Inducers of apoptosis (G3139-Genasense)

Modulatore of MDR (cyclosporin A, PSC833)

Hypomethylating agents (decitabine)

Histone deacetylase (phenylbutyrate)



ate rendering them more sensitive to ARA-C or to short-
en the period of neutropenia induced by chemothera-
py.58 However, data from the MD Anderson group failed
to demonstrate a significant increase in CR2 rate or
survival when patients given FLAG were compared to
those receiving only fludarabine and cytarabine.59 Fur-
thermore, it is still unclear whether the addition of
idarubicin or mitoxantrone to FLAG results in a signif-
icant therapeutic advantage. In our experience, FLAG
was able to induce CR rates over 50% in patients
relapsing after either chemotherapy or autologous stem
cell transplantation (ASCT);51,56 as expected, results were
poor in patients with unfavorable cytogenetics. Recent-
ly, we have developed a modified FLAG regimen based
on sequential continuous infusion of fludarabine and
ARA-C with encouraging results in terms of CR2 rate
and toxicity.60 Accordingly, a randomized trial compar-
ing FLAG given as a continuous infusion vs. conven-
tional FLAG has been planned.

In conclusion, at the moment there is not a gold  stan-
dard salvage chemotherapy and the therapeutic choice
mostly depends on personal experience concerning effi-
cacy and toxicity. Notwithstanding this, whatever the
salvage therapy, best results are achievable when stem
cell transplantation (SCT) is feasible after salvage ther-
apy.7-10 On this basis, characteristics of an ideal salvage
regimen should include either antileukemic efficacy or
acceptable extra-hematologic toxicity. As a matter of
fact, in clinical practice it is not rare that toxicity from
previous therapy may preclude the feasibility of stem
cell transplantation.

Stem cell transplantation
Once patients have relapsed after initial chemother-

apy, further non-myeloablative therapy results in a poor
outcome in the majority of patients. Results from our
own experience (Figure 4) clearly demonstrate that
stem cell transplantation (autologous or allogeneic)
results in a significant therapeutic advantage over that
offered by consolidation chemotherapy (p = 0.004).

Allogeneic transplantation represents the most effec-
tive option for patients in CR2 provided that suitable
donors can be found. With matched sibling donors,
long-term DFS of 30–40% can be expected although
with an associated transplant-related mortality (TRM)
of at least 30%.61 In addition, for young adult patients
with adverse prognostic factors (adverse cytogenetics,
CR1 <12 months), lacking a compatible sibling, it seems
reasonable to search for a matched unrelated donor or
consider haploidentical transplantation62,63 Results in
terms of long-term disease free survival would balance
the expected higher morbidity and mortality related to
the procedure. Older patients or those with significant
comorbidity coud take advantage from reduced inten-
sity allogeneic stem cell transplantation (allo-SCT) with
conditioning regimens specifically designed for AML,
aimed at allowing full chimerism or inducing effective
antileukemic activity.64-66 Upfront alloSCT could be
specifically recommended for patients with early
relapse, where early indicates low marrow blast per-
centage (less than 10-20%) rather than time from CR1
achievement. Finally, donor lymphocyte infusion (DLI)
can be considered for patients who relapse after allo-
SCT. In patients with a small tumor burden DLI can
result in a 15-20% CR rate, concomitantly with restora-
tion of donor hematopoiesis.67,68

The potential utility of autologous stem cell trans-
plantation (ASCT) has also been investigated in AML in
situations other than CR.69,70 While there is no rational
indication for ASCT in overt relapse, different studies
have reported promising results in CR2 patients. The
Rome group initially reported a projected DFS of 52% at
63 months in a small series of 20 patients autografted
after conditioning with the BAVC regimen.71 More
recently, an update from 60 patients with a longer fol-
low-up reported a DFS of 42% at 10 years.72 Other inves-
tigators have achieved DFS of 25–40%. Once again, the
most important prognostic factors for patients under-
going ASCT in CR2 appear to be the duration of first
remission and cytogenetics at diagnosis.73-75

New agents for the treatment of relapsed AML
Given the current poor results of conventional

chemotherapy in relapsed AML, the search for inno-
vative approaches based on mechanisms of actions
targeted at specific pathways involved in leukemoge-
nesis has rapidly progressed. The striking efficacy of
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Figure 4. Therapeutic advantage of stem cell transplan-
tation (auto or allo) vs consolidation chemotherapy in
relapsed AML patients observed at our institution (p =
0.004).
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oral retinoids in a difficult disease such as APL as well
as the success of imatinib in chronic myeloid leukemia
and some related disorders has provided substantial
hope that therapy may be more effective and less tox-
ic when well defined targets are identified76-78 Table 3
lists the new agents for which clinical data are now
available.

Monoclonal antibodies. One of the more fascinating
approaches to the treatment of malignant diseases
within the last decade has been the development of
monoclonal antibody (MoAb) therapy. On a theoreti-
cal basis, by targeting antigens unique or preferen-
tially expressed by malignant cells, these treatments
would allow malignant clones to be eradicated while
sparing normal tissue.79

CD33 is an antigen expressed on > 90% of AML cells
with an average density of 10,000 sites per cell, while
the antigen expression on normal pluripotent
hematopoietic stem cells as well as of non-hemopoiet-
ic tissues is much less prominent.80 In addition, CD33 is
universally expressed at a high density in APL. On this
basis, CD33 has been considered as an ideal target for
the development of MoAb to be used in the clinical set-
ting. Promising results were obtained by using the
naked antibody in APL in patients with molecular
relapse, while results in AML other than APL were less
encouraging, probably because of rapid internalization
into target cells on binding antigen.81,82 With the aim of
achieving a more advantageous toxicity/efficacy profile,
antibody has been conjugated with toxins or radioiso-
topes to induce their delivery into leukemic cells. Robust
data are now available on gemtuzumab ozogamicin
(GO), an immunoconjugate composed of a humanized
anti-CD33 antibody linked to the potent antitumor
antibiotic calicheamicin. By encompassing data from
three phase studies including 157 AML patients in first
relapse with a median age of 68 years (range 60-87),
Larson et al. reported a CR2 rate of 24%. The dose was
9 mg/m2 on days 1 and 15 and toxicity was substantially
hematologic with a median time to neutrophil and
platelet recovery of 37 and 38 days, respectively. Of
interest, in this study the incidence of venous occlusive
disease (VOD) was low (only 3 cases, two of which were
fatal).83 A considerably higher incidence of VOD has
been observed in other series mainly in patients con-
solidated with stem cell transplantation within 4
months after the last administration of GO.84,85 In
patients who developed VOD, histologic examination
showed a striking deposition of sinusoidal collagen,
suggesting that GO targets CD33+ cells residing in
hepatic sinusoids as the mechanism inducing hepatic
toxicity.84 Accordingly, it has been recommended that
stem cell transplantation should be delayed by 4
months for patients achieving CR following GO admin-
istration.85 An alternative approach could be to combine

GO with chemotherapy. While the feasibility and effi-
cacy of such an approach has been recently assessed in
newly diagnosed patients as a prelude to the ongoing
MRC AML 15 trial,86 in relapsed patients results are
much less encouraging, mainly due to the very sub-
stantial hepatic toxicity.87,88 Finally, significantly lower
CR rates have been reported after GO in patients with
an unfavorable karyotype, suggesting that the strategy
of immunoconjugates is not sufficient per se to over-
come mechanisms of resistance deriving from adverse
cytogenetics.83,84

Inhibitors of farnesyl transferase (Ftase)
Ftase is an enzyme that modifies proteins for local-

ization to cell membrane. Many proteins are farnesy-
lated and some of these are important in cancer devel-
opment. Given that transforming activity of selected
oncoproteins depends on farnesylation, blocking far-
nesylation may have therapeutic potential.89 Different
pharmacologic inhibitors of Ftase have been devel-
oped;90 among these, consistent data are now available
for R115777 (Zarnestra). This agent was investigated
in 252 poor risk AML patients, 117 with primary refrac-
tory disease and 135 with relapsed disease, in a mul-
ticenter phase II study. The dose of Zarnestra was 600
mg bid for 21 days every 4 weeks in an outpatient set-
ting; 169 patients (67%) completed at least one course
with an overall CR rate of 6%; blast reduction over
50% was achieved in an additional 18% of the
patients. Of interest, the CR rate was similar in
relapsed and refractory patients. The overall median
survival was 3 months, while the median survival for
responding patients was 12 months. Grade III-IV non-
hematologic toxicity was mild, consisting of fatigue
(6%) and hypokaliemia (6%).91

New nucleoside analogs
Clofarabine, a potent inhibitor of ribonucleotide

reductase, is active in adult patients with first relapsed
and primary refractory acute leukemia and high-risk
myelodysplastic syndrome (MDS). When given in com-
bination with ARA-C, the drug results in a substantial
increase of intracellular ARA-CTP, complementing the
antileukemic activity of ARA-C.92 Preliminary studies
demonstrated that the drug was active as a single
agent in different myeloid malignancies.92,93 More
recently, clofarabine has been investigated in combi-
nation with ARA-C in a series of 32 patients with poor
risk myeloid malignancies, 28 of whom had recur-
rent/refractory AML.94 The overall CR rate (CR + CRp,
i.e. CR without platelet recovery > 100×109/L) was
33%; once again, best results were observed in
patients with CR1 lasting for more than 12 months
(57% vs. 27%) as well as in those with a diploid kary-
otype (54% vs. 20%).
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Troxacytabine, another nucleoside analog developed
from the antiviral drug lamivudine, also showed sig-
nificant activity in myeloid leukemias. However, results
are less encouraging than those of clofarabine, either
as a single agent or in combination with ARA-C, the
CR rate not exceeding 20%.95-97

FLT3 inhibitors
The majority of known mutations in tyrosine kinas-

es in AML occurr in members of the class III receptor
tyrosine kinase family, which includes KIT, PDGFR, FLT3,
and FMS. Among these, KIT and FLT3, are the two most
commonly mutated receptors.98 Length mutations in
the juxtamembrane domain and activating loop muta-
tions result in constitutive activation of the FLT3 kinase
and activation of growth-related signaling path-
ways.98,99 Robust data indicate that FLT3 mutations,
including internal tandem duplications or point muta-
tions in the activation loop, are independently associ-
ated with a poor prognosis in AML, in particular due
to an increased rate of relapse.100 Accordingly, there
has been interest in developing FLT3 inhibitors with
potential activity in AML. In phase I-II clinical trials on
small numbers of patients, different FLT3 inhibitors,
such as CEP-701, CT53518, PKC412, SU5416, SU5614,
and SU11248 have shown an ability to induce blast
cell reduction.98

Inducers of apoptosis
The clinical relevance of spontaneous apoptosis has

been demonstrated in myeloid as well as lymphoid
malignancies. Dysregulation of apoptosis in AML pro-
longs the survival of leukemic cells, resulting in their
expansion independently of cell division101 and is asso-
ciated with a poor prognosis, unrelated to cell imma-
turity. Of interest, data from Del Poeta et al., have also
shown that spontaneous apoptosis is independent of
immaturity in AML.102 Thus, down-regulation of anti-
apoptotic proteins, such as bcl-2, may reduce the
threshold for chemotherapy resistance and restore
chemosensitivity to leukemia cell.103 Genasense
(G3139) is an 18-mer phosphorothioate and potent
inhibitor of proteasome, which is able to induce apop-
tosis and overcome resistance in a number of cell lines
as well as primary cells from patients with CLL.104 Tran-
sient decreases in blood or bone marrow blasts, along
with significant downregulation of bcl-2 mRNA levels,
were reported following treatment of relapsed patients
with genansense. The drug is now under evaluation in
a phase III trial in combination with chemotherapy in
newly diagnosed AML patients.104

Modulators of multiple drug resistance (MDR). The
expression of P-glycoprotein (Pgp) has a major role in
inducing resistance to chemotherapeutic agents active
in AML, such as anthracyclines and etoposide.105 In par-

ticular, overexpression of Pgp results in decreased intra-
cellular accumulation of cytotoxic drugs and this is
closely related to in vivo and in vitro resistance to these
drugs.106 Accordingly, there has been great interest in
the search for drugs able to revert MDR. Previous stud-
ies showed that the combination of MEC (mitoxantrone,
etoposide and ARA-C) plus PSC833 is feasible in
relapsed AML with a 29% CR rate. Disappointingly, a
recently published randomized study from the CALGB
group, comparing MEC vs. MEC + PSC833, failed to
show any difference between the two arms in terms of
either survival or disease-free survival.107 At present, we
have no data demonstrating that there is any advantage
to be had from combining PSC833 or other MDR revert-
ers with chemotherapy in poor risk AML.

Hypomethylating agents
Aberrant DNA methylation and other epigenetic

events are important in the progression of a number
of human malignancies. In particular, leukemias are
characterized by high degrees of epigenetic changes
marked by promoter methylation. In addition, hyper-
methylation of promoters of genes, such as p15, have
been associated with disease progression and worse
outcome in patients with myeloid malignancies.108

These observations have led to renewed interest in
developing DNA hypomethylating agents with poten-
tial clinical utility.109 Decitabine (5-aza-2’-deoxyciti-
dine) is a pyrimidine analog with significant
antileukemic activity. Once incorporated into DNA, the
drug irreversibly inhibits DNA methyltransferases,
enzymes that methylate newly synthesized DNA.110 Dif-
ferent studies have demonstrated the efficacy of dif-
ferent dose levels of decitabine in patients with recur-
rent or refractory leukemia. However, the dose of 15
mg/m2 for 10 days was recently reported as more
advantageous in terms of response rate and toxicity in
a phase I study including 44 patients with AML/MDS.
The conclusion of the authors was that decitabine is
an active drug in poor risk AML and low doses are as
effective as or more effective than higher doses.111

Histone deacetylase
The acetylation of histones is involved in the regu-

lation of gene expression through chromatin remod-
eling. Alterations in histone deacetylation have been
shown to play a role in the pathogenetic mechanisms
of leukemogenesis. Different chromosomal transloca-
tions in AML result in hybrid fusion proteins, which
are involved in blocking the differentiation of the
hematopoietic precursors. The abnormal fusion pro-
teins bind to DNA and interact with transcriptional
co-regulators, resulting in an increased local concen-
tration of histone deacetylase (HDAC) complexes.
HDAC inhibitors have been developed in order to tar-
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get the above mechanism. Their aim is to remove the
block of hematopoietic differentiation.112 Due to the
success of HDAC inhibitors in preclinical models, clin-
ical phase I and II trials are ongoing in AML with
phenylbutyrate in combination with retinoic acid or
azacytidine, desipepside, pyroxamide, valproic acid and
others. Results are still preliminary and no definite
information is available on the optimal dose, best
application form, efficacy side effects. Notwithstand-
ing this, histone deacetylation represents a stimulat-
ing field of clinical research in AML and it will be of
great interest to investigate novel agents synergizing
with HDAC inhibitors.78,112

Relapse in APL
CR rates over 90% are currently achievable in APL with

the combination of ATRA plus chemotherapy. This results
in long-term survival and cure in about 70% of newly
diagnosed patients.25 Nevertheless, treatment failure still
occurs in approximately 30% of cases as a result of ear-
ly hemorrhagic death or disease relapse.25 As far as
relapse is concerned, the majority of patients can be
reinduced into CR by different approaches including
ATRA, arsenic trioxide (ATO), chemotherapy or a combi-
nation of these.113 The treatment of choice for relapsed
APL should be ATO, which results in CR2 rates of over
80% as a single agent and is an ideal bridge to stem cell
transplantation.114 The most relevant toxicities include
prolongation of the QT interval and the APL differentia-
tion syndrome, a cardiorespiratory distress syndrome
with multiple pulmonary infiltrates, reminiscent of RAS
and similarly responsive to dexamethasone. In addition,
preliminary studies in a small cohort of patients testing
arsenic trioxide at lower doses suggest that the effica-
cy of this strategy is similar to that of the standard dose,
but with less toxicity.97 The use of GO, reported to be
effective for treating molecular relapse, needs further
investigation.110

Once CR2 has been achieved the optimal strategy to
prevent further relapse is still controversial.117 The bene-
fits of allo-SCT rely on the high dose chemotherapy
and/or radiotherapy of the conditioning regimen as well
as on the graft-versus-leukemia effect (GVL). However,
the morbidity and mortality from the procedure are still
high, especially in elderly individuals; furthermore, the
requirement of an HLA-identical donor represents a
major obstacle to the performance of alloSCT. On the
other hand, ASCT offers the possibility of delivering high
dose chemotherapy and/or radiotherapy without the
morbidity and mortality due to graft-versus-host dis-

ease (GVHD), even though the relapse rate after ASCT is
expected to be higher, given the lack of GVL effect. Pre-
vious studies have suggested that ASCT is effective in
inducing prolonged relapse-free survival in relapsed APL
patients autografted in second molecular remission,
independently from positivity of bone marrow graft for
the PML/RARalpha fusion gene,117-119 which is the molec-
ular marker of APL. Of a small series of 6 patients auto-
grafted in second (n=5) or fourth (n=1) molecular remis-
sion with a molecularly negative apheresis product or
bone marrow harvest, 5 out of 6 obtained long-term
molecular remission, suggesting that ASCT performed
with a molecularly negative graft in APL patients in sec-
ond molecular remission offers a valid chance for achiev-
ing a cure.119 Given the still considerable mortality from
alloSCT, such an approach should also be considered in
relapsed patients with an HLA compatible donor, name-
ly in those with CR1 that has lasted for more than one
year or in elderly individuals.

Conclusions
Relapse still represents the most relevant obstacle to

achieving a cure in AML. In our daily work, we continu-
ously experience just how frustrating relapses are for
the patient and physician; in addition, salvage therapy
followed or not by stem cell transplantation is poorly
accepted, potentially associated with high morbidity and
mortality and costly. Nonetheless, relapse offers the
opportunity for the investigation of new therapeutic
strategies, mainly in patients who are expected to gain
negligible advantage from a conventional salvage
chemotherapy. The wide differences in CR2 rates and
durations in various phase II single-arm trials have clear-
ly shown that biological and clinical characteristics of
the patients as well as different treatment modalities
account for discordant results and this can substantial-
ly hamper the selection of therapies to investigate in
phase III trials. The development of well designed, ran-
domized phase II trials would allow several therapies to
be evaluated, based on multiple outcomes, providing
new and exciting knowledge in this fascinating field of
clinical hematology.120
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