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ARTICLE INFO ABSTRACT

Article history: Azacitidine is currently the only drug to have shown a significant survival benefit over conventional
Received 25 February 2010 care regimens in patients with International Prognostic Scoring System (IPSS) intermediate-2 (Int-2) and
Received in revised form 17 May 2010 high-risk myelodysplastic syndromes (MDS), establishing it as an important new treatment for these
25;?1[; Lelg lﬁlli\gzyszjg}fz 010 individuals. However, several aspects of the practical use of azacitidine remain uncertain. This manuscript
outlines recommendations discussed by a panel of experts, providing a practical guide for physicians to

ensure optimal management of Int-2 and high-risk patients receiving azacitidine.
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1. Introduction

Myelodysplastic syndromes (MDS) are clonal hematopoietic
stem cell disorders, predominantly affecting older individuals
(median age range from 65 to 75 years) [1] and characterized by
ineffective hematopoiesis. This leads to peripheral cytopenias and
a substantial risk of progression to acute myeloid leukemia (AML)
[2,3].

MDS have been classified morphologically using
French-American-British (FAB) criteria [4,5] and more recently by
the World Health Organization (WHO) definition [6,7]. Although
several prognostic tools exist [8,9], the most widely used is the
International Prognostic Scoring System (IPSS), based on the per-
centage of bone marrow myeloblasts, bone marrow cytogenetics
and number of cytopenias [10]. This system stratifies patients
into four risk groups: low, intermediate-1 (Int-1), intermediate-2
(Int-2) and high. Patients in the Int-2 and high-risk MDS categories
(referred to as higher-risk MDS) have a median overall survival of
1.2 and 0.4 years, respectively and a high risk of progression to AML
[10]. These higher-risk patients clearly require treatment capable
of modifying the natural history of the disease by prolonging
survival.

Allogeneic stem cell transplant (allo-SCT) remains, with few
exceptions, the only curative treatment for MDS; however, the vast
majority of higher-risk MDS patients are not eligible for allo-SCT
due to age, comorbidities and/or the absence of an adequate donor
[4,11]. Low-dose chemotherapy, such as low-dose cytarabine, has
shown no survival advantage over supportive care [12]. Sur-
vival rates with intensive chemotherapy are disappointingly low,
although a few selected patients such as those <65 years with a nor-
mal karyotype may achieve prolonged remission [13]. Furthermore,
evidence suggests that high-risk patients with unfavorable kary-
otype anomalies do not benefit from intensive chemotherapy [14].

Improved understanding of the biology of MDS has led
to increased interest in novel treatment options, including
hypomethylating agents. Silencing of tumor suppressor and other
genes that control the cell cycle by hypermethylation appears to
play an important role in the pathogenesis and progression of
MDS [15,16]. Azacitidine (Vidaza®, Celgene Europe Ltd., Wind-
sor, UK), a ring analog of cytosine and a deoxyribonucleic acid
(DNA) methyltransferase inhibitor (DNMTI) becomes incorporated
into both ribonucleic acid (RNA) and DNA [17,18] leading to cyto-
toxicity to abnormal hematopoietic cells and hypomethylation of
DNA [19]. Recently, an international randomized trial conducted
in Int-2 and high-risk MDS patients (AZA-001) demonstrated that
azacitidine significantly improved survival compared with conven-
tional treatments comprising intensive chemotherapy, low-dose
cytarabine and supportive care [20]. The results of this trial led
to approval of azacitidine by the European Union for the treat-
ment of adult patients who are not eligible for hematopoietic SCT
with Int-2 and high-risk MDS, chronic myelomonocytic leukemia
(CMMoL) with 10-29% blasts without myeloproliferative disor-
der and AML with 20-30% blasts (former refractory anemia with
excess blasts in transformation [RAEB-T] in the FAB classifica-

tion) and multilineage dysplasia, according to the WHO classi-
fication [21].

However, because results from AZA-001 study [20] and previous
azacitidine studies [22,23] are recent, several aspects of the practi-
cal use of azacitidine remain uncertain. Therefore, an international
panel of MDS experts who have gathered some experience of azac-
itidine, were convened to ensure optimal clinical implementation
and usage of this novel agent. This paper summarizes the opinions
of the group and aims to provide recommendations for the practical
use of azacitidine in Int-2 and high-risk patients.

2. Background clinical results with azacitidine in Int-2 and
high-risk MDS

Clinical results with azacitidine in Int-2 and high-risk MDS are
mainly based on two randomized phase Il multicenter trials; the
CALGB 9221 [22] and AZA-001 [20] studies. In the CALGB 9221
study, azacitidine (75 mg/m?2/day for 7 consecutive days, every 28
days) was compared with best supportive care (BSC) in 191 FAB-
defined MDS patients (46% defined as Int-2 or high-risk), with a
median age of 68 years [22]. Sixty percent of the azacitidine group,
compared with 5% of control arm patients, responded to treatment
according to CALGB response criteria (p<0.0001), with a median
time to leukemic transformation or death of 21 months in azac-
itidine patients versus 12 months in the BSC arm (p=0.007). No
significant difference in survival was observed, possibly due to
the crossover design of the study. A significant survival advantage
for those patients who initially received azacitidine or who had
switched from BSC to azacitidine within 6 months of inclusion in
the study was reported in the 6-month landmark analysis (p = 0.03).
Furthermore, when the analysis was restricted to patients >65
years of age with refractory anemia with excess blasts (RAEB) or
RAEB-T, patients treated with azacitidine had a longer median sur-
vival than those receiving BSC in spite of the crossover (azacitidine:
19.5 months; BSC: 14 months; p <0.04) [24].

Further analysis of CALGB 9221 [22] demonstrated delayed
onset of red blood cell (RBC; p=0.007) and of platelet transfu-
sions [24] and significant improvement in quality of life (QoL)
for patients receiving azacitidine compared with patients on
supportive care [25].

In AZA-001 study, investigators determined which of three con-
ventional care regimens (CCR: intensive AML-like chemotherapy,
low-dose cytarabine and BSC) was most appropriate for each of
358 MDS patients prior to randomization. Patients (Int-2 and high-
risk patients: 87%; median age: 69 years) were then randomized to
azacitidine (75 mg/m?/day for 7 consecutive days, every 28 days)
or CCR [20]. Azacitidine significantly improved median survival
(azacitidine: 24.5 months CCR: 15.0 months; p=0.0001) with a
two-fold difference in overall survival at 2 years compared with
CCR (azacitidine: 50.8%; CCR: 26.2%; p <0.0001)[20]. Progression to
AML was delayed, whilst RBC transfusion requirements (p < 0.0001)
and rate of infections (p =0.0032) were also significantly improved
with azacitidine. The survival advantage observed with azacitidine
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was seen irrespective of age (including patients aged >75 years)
[26], percentage of marrow blasts (including patients with 20-30%
blasts, now classified as AML using WHO criteria) [27] or kary-
otype [20], and was significant compared with BSC and low-dose
cytarabine. In this clinical trial, there was no significant differ-
ence in overall survival between patients treated with AML-like
chemotherapy and those receiving azacitidine; this is likely to be
due to the small number of patients in this analysis [20].

3. Panel recommendations for the clinical use of
azacitidine

3.1. Which Int-2 and high-risk MDS patients should receive
azacitidine therapy?

The AZA-001 study has shown a significant overall survival
advantage with azacitidine over low-dose cytarabine and support-
ive care in Int-2 and high-risk MDS patients irrespective of age,
FAB/WHO classification and karyotype [20]. In addition, the sur-
vival benefit was observed in subgroups with the poorest prognosis,
including patients with the —7/del7q cytogenetic abnormality [20].

3.1.1. Panel recommendations

e All MDS patients should be classified according to IPSS to deter-
mine eligibility for treatment.

o When karyotyping is not available or after technical failure to
obtain the karyotype, clinicians are advised to consider patients
with a bone marrow blast percentage >10% as being at least
in the Int-2 IPSS risk category; these patients can therefore be
considered as candidates for azacitidine therapy.

e Azacitidine therapy should be considered as the first-line treat-
ment, instead of low-dose cytarabine or BSC, for the majority
of Int-2 and high-risk patients ineligible for SCT irrespective
of age, karyotype, FAB or WHO classification or concomitant
comorbidities. However, there is not yet sufficient evidence
to choose between azacitidine and intensive chemotherapy for
patients ineligible for SCT but potential candidates for aggressive
chemotherapy.

o Most experts agree that intensive chemotherapy is associated
with relatively high complete response (CR) rates in patients
with a normal karyotype (i.e. an indicator of good prognosis),
although the duration of those responses generally does not
exceed 12-15 months.

Patients with an unfavorable karyotype (who typically have a

poor response to intensive chemotherapy) responded favorably

to azacitidine in the AZA-001 trial; these individuals may there-
fore be recommended for first-line treatment with azacitidine
in the future.

o Accumulated experience has shown that many patients >75
years benefit from azacitidine especially because the associ-
ated myelosuppression is lower than with treatment options
such as low-dose cytarabine (Ara C) chemotherapy. Therefore,
only very frail patients may a priori be considered as candidates
for supportive care only.

e In rare cases of Int-2 or high-risk MDS with no or limited cytope-
nias, it is currently unknown whether azacitidine should be
started immediately after diagnosis or delayed until more severe
cytopenias are apparent or the patient becomes symptomatic.

(o]

3.2. Azacitidine dosage in Int-2 and high-risk patients

Azacitidine was administered subcutaneously at a dose of
75 mg/m?/day for 7 consecutive days, every 28 days in both phase
Il trials published to date; this is currently the only dosing sched-
ule that has shown a survival advantage in Int-2/high-risk patients

[20,22]. Recently, a randomized, multicenter open-label phase II
study (n=151) compared three schedules of azacitidine (admin-
istered every 4 weeks): a 5-2-2 regimen (75 mg/m?2/day during 5
days, followed by 2 days no treatment (for the weekend) then two
other treatment days); a 5-2-5 regimen, with lower daily doses
of azacitidine (50 mg/m?/day for 5 days, followed by 2 days no
treatment then another 5 days at 50 mg/m?2/day); or a 5 regimen
(azacitidine 75 mg/m?/day for 5 days) [28]. The three schedules
yielded similar response rates, apparently close to that of the
approved 7-day dosing schedule. However, in this study, 63% of
patients were diagnosed with lower-risk MDS and the standard
dose of 75 mg/m?/day for 7 consecutive days, every 28 days, was
not included. Furthermore, the study was not designed to evalu-
ate overall survival, progression-free survival or rate of evolution
to AML [28]. Therefore, there is not yet sufficient evidence to rec-
ommend those dosing regimens in patients with Int-2 or high-risk
MDS. However, the 5-2-2 regimen is frequently used in institutions
where no injections are possible during the weekend.

3.2.1. Panel recommendations

e 75mg/m2/day azacitidine administered subcutaneously for 7
consecutive days, every 28 days should be the preferred dosing
scheme for all Int-2 and high-risk MDS patients, irrespective of
the presence of severe cytopenias at baseline.

3.3. Method of administration

One of the first clinical studies with azacitidine demonstrated
that a continuous intravenous infusion of 75 mg/m?2/day for 7 days,
every 28 days was effective in the treatment of MDS (RAEB and
RAEB-T) [29]. However, the majority of subsequent studies demon-
strating the clinical efficacy of azacitidine, including both phase III
studies, have used a subcutaneous injection of 75 mg/m?/day for 7
consecutive days every 28 days [20,22].

3.3.1. Panel recommendations

¢ Subcutaneous injection of 75 mg/m?2/day for 7 consecutive days,
every 28 days. In the rare cases where local severe side effects
persist in spite of adequate prophylactic measures (see Section
3.8.1), the intravenous route may be preferred. In a US multi-
center, community-based registry of patients with MDS treated
with azacitidine, the intravenous route appeared as efficacious
as the subcutaneous route, although this was not a randomized
study [30].

Preliminary results from phase I studies have indicated that
an oral form of azacitidine is active and well tolerated with a
manageable side effect profile in subjects with MDS or AML, sug-
gesting that this method of administration may be envisaged in
the future [31].

3.4. Number of treatment cycles required for response

In contrast to standard chemotherapy treatment, several cycles
of azacitidine are usually required before a clinical benefit becomes
evident [20,22,23,29]. For example, in CALGB 9221 trial, 75% of
responders had achieved a response by cycle four with 90% of the
responses observed by cycle six [23]. In AZA-001 study, 81% of
responders achieved a first response by cycle six and 90% achieved a
first response by cycle nine [32]. This apparent delay in response is
possibly due to the mode of action of azacitidine which is time-
dependent on the cell cycle. As azacitidine is incorporated into
DNA, it impedes the activity of DNA methyltransferase enzymes
and promotes DNA hypomethylation. These actions of azacitidine
are S-phase dependent and two or more cell cycles with subsequent
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DNA synthesis appear necessary to reinitiate gene transcription and
expression [22].

3.4.1. Panel recommendations

¢ Patients should receive at least six cycles of azacitidine before any
treatment decisions are made as to continuing therapy, unless
frank progression is observed before completion of those six
cycles.

3.5. Duration of treatment

In the AZA-001 study, patients received a median number of
nine cycles of azacitidine, and responders a median of 14 cycles [32].
This prolonged treatment duration could have contributed to the
observed survival benefit [20]. In addition, continued azacitidine
dosing after a first response led to a higher IWG response category
in 43% of patients (after approximately four additional treatment
cycles) [32]. An earlier study by Silverman et al. suggested that 18
months or more of treatment may be required for the maximal
response in some patients [23]. These studies support the need for
sufficiently prolonged azacitidine therapy.

A significant survival benefit with azacitidine in the AZA-001
study was demonstrated not only in patients achieving a CR
or partial response (PR) but also hematologic improvement (HI)
according to IWG 2000 response criteria, mainly corresponding to
an erythroid response with RBC transfusion independence or less
often platelet response [33]. It is not yet known whether patients
treated with azacitidine achieving stable disease without HI have
an overall survival benefit.

3.5.1. Panel recommendations

e Maintain azacitidine treatment in patients achieving CR, PR or HIL.

o In the absence of studies precisely determining the optimal

duration of maintenance therapy, it is recommended to treat
those patients until disease progression.

o This recommendation may be especially important in the
presence of poor prognostic factors such as monosomy 7, com-
plex karyotype, substantial excess of marrow blasts or severe
cytopenias.

3.6. Evaluation of response

As discussed, several treatment cycles may be required for the
clinical benefits of azacitidine to become evident [22], and a sur-
vival benefit is apparent not only in patients who achieve CR and PR,
but also in those who achieve HI (i.e. improvement of cytopenias
without reduction of bone marrow blasts), despite the persis-
tence of cytogenetic abnormalities. Therefore, unless progression is
suspected, evaluating bone marrow aspirates for response to treat-
ment should most likely be delayed until after four or six cycles of
treatment. Methylation status may also be discussed when evalu-
ating patients treated with azacitidine. However, consensus on the
required techniques to assess DNA methylation and on the genes
that should be analyzed is currently lacking owing to its largely
experimental nature and lack of clinical validation.

3.6.1. Panel recommendations

e Complete blood counts should be performed as needed to moni-
tor response and toxicity.

e Morphological and cytogenetic analysis of bone marrow aspi-
rates is recommended to evaluate response after four to six cycles
of azacitidine treatment or earlier if disease progression is sus-
pected.

o If bone marrow aspirates are not evaluable due to hypocellu-
larity or fibrosis, a biopsy will be required after six cycles.

3.7. Management of hematological side effects

Inthe AZA 001 trial, hematologic adverse events (AEs), including
neutropenia (azacitidine: 91%; CCR: 76%) and thrombocytopenia
(azacitidine: 85%; CCR: 80%) were the most common AEs reported,
although <5% of patients receiving azacitidine required treatment
discontinuation [20]. During the first 1-2 treatment cycles, cytope-
nias may become apparent or those present at diagnosis might be
exacerbated [28] highlighting the importance of monitoring. Ane-
mia, neutropenia and thrombocytopenia are generally observed
during cycles one and two and infrequently thereafter [20]. Dur-
ing the initial cycles of treatment, azacitidine is also associated
with increased infection rates [34]; this increase does not appear
to adversely affect response or survival which again highlights the
importance of monitoring patients receiving azacitidine for AEs
[20]. It is, therefore, important for hematologists to advise patients
that their symptoms may worsen initially whilst emphasizing the
importance of maintaining their treatment.

Management of cytopenias should follow standard guide-
lines for RBC and platelet transfusions. Therefore, the threshold
hemoglobin levels and platelet counts for RBC and platelet transfu-
sions should be similar to those recommended for patients treated
with chemotherapy whilst taking account of age and comorbidi-
ties. In elderly patients and patients with comorbidities, those
infections may be particularly severe. In case of infections, broad
spectrum antibiotics are indicated in case of fever. However,
there are no established indications for primary or secondary pro-
phylactic quinolone antibiotics or antifungals or for the use of
granulocyte colony-stimulating factor (G-CSF). Evaluation of the
role of antibiotics and antifungals as prophylaxis in this context
is therefore important. The use of G-CSF should probably be of
concern only in patients with a high baseline marrow count due
to the possible increase of blasts with this agent. Furthermore,
the efficacy of growth factors in improving neutropenia has not
been demonstrated in high-risk MDS patients receiving low-dose
chemotherapy [35]. Further evaluation of G-CSF in treating severe
cytopenias in patients with MDS is required and, therefore, G-CSF
should probably not be used in the absence of severe infections.
Iron chelation therapy is not generally recommended in high-risk
patients but may be considered in individuals who respond to treat-
ment and are expected to have relatively prolonged survival as well
as in candidates for allogeneic SCT following response to azaciti-
dine treatment. There is currently insufficient data to recommend
the use of erythropoietin in combination with azacitidine.

3.7.1. Panel recommendations

e Monitoring hematologic AEs.

o Regular monitoring of blood cell counts.

o The risk of aggravated leukopenia and thrombocytopenia
requires blood cell counts to be performed weekly in the first
three cycles, or more regularly if clinically indicated (e.g. fever).

e Subsequently blood cell counts can be assessed every 2 weeks.

e Management of hematologic AEs.

o Dose modifications are defined in the drug’s Summary of
Product Characteristics according to the extent of baseline
cytopenias and their relative deterioration with treatment
(Table 1).

e Reducing the dose of azacitidine in each cycle or delaying cycles
may be associated with lower efficacy of this agent. Therefore,
for patients with advanced MDS (severe pancytopenia, marrow
blasts >15-20%, complex karyotype) dose modifications are not
recommended during the first three treatment cycles even in
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Table 1a

Recommended dose modifications in patients without reduced baseline blood
counts (WBC>3.0 x 109/Lor ANC> 1.5 x 10°/or platelets > 75.0 x 10°/L) prior to first
treatment and experiencing hematological toxicity following azacitidine treatment.
Following dose modifications, the cycle duration should return to 28 days.

Nadir counts % dose in next cycle if recovery?

is not achieved within 14 days

ANC Platelet
<1x109/L <50 x 10°/L 50%
>1 x 10°/L >50 x 10°/L 100%

2 Recovery = counts > Nadir count +(0.5 x [baseline count — Nadir count]).

Table 1b

: Recommended dose reductions in patients with reduced baseline blood counts
(WBC<3.0 x 10°/Lor ANC< 1.5 x 10%/Lor platelets < 75.0 x 10°/L) prior to treatment
and experiencing hematological toxicity following azacitidine treatment. Following
dose modifications, the cycle duration should return to 28 days.

Bone marrow cellularity % dose in next cycle if recovery?

is not achieved within 14 days

Recovery <21 days Recovery >21 days
15-50% 100% 50%
<15% 100% 33%

WBC, white blood cell; ANC, absolute neutrophil count.
a Recovery = counts > Nadir count + (0.5 x [baseline count — Nadir count]).

the presence of severe cytopenias, except in the presence of life-

threatening complications such as sepsis.

e Treatment delays (as defined in Table 1) are probably preferable
to dose reductions, although they should also be avoided as much
as possible, especially during the first three cycles.

o Platelet and RBC transfusions in accordance with standard
guidelines for the first few months of therapy to treat cytope-
nias.

o G-CSF following azacitidine could be considered for patients
developing severe neutropenic fever, or as secondary prophy-
laxis after a severe infectious episode, although evidence for
prophylactic use is currently lacking.

o Quinolone antibiotics and/or antifungals could be considered
as secondary prophylaxis in patients following an infectious
episode. A possible role for primary prophylaxis in patients with
prolonged absolute neutrophil count (ANC) of <500 x 108/L and
predisposition to infection, such as individuals with chronic
obstructive pulmonary disease (COPD), would require more
thorough evaluation.

3.8. Non-hematologic side effects

The most common non-hematologic AEs associated with azac-
itidine treatment in the AZA-001 study included gastrointestinal
and injection site reactions [36]. Of note, the majority of AEs were
transient and resolved during the study [36].

3.8.1. Panel recommendations

e Nausea and vomiting.
o Oral potent anti 5-hydroxytryptamine type 3 receptor (5-HT3)
antiemetics are recommended before each dose of azacitidine.
o Laxatives may be required if constipation occurs following use
of antiemetics.
e Injection site reactions.
o Do not purge the air from the syringe prior to injection.
o Gently massage the injected region after the injection has been
delivered.
o Ensure injection sites are at least 2 cm apart.
o Volume per injection site should not exceed 4 mL.
o Ensure injections are not administered to sites which have had
a previous reaction.

o Incases where local reactions persist, a local non-steroidal anti-
inflammatory drug cream or lotion may be applied. A recent
report has suggested skin reactions associated with azaciti-
dine may be reduced with use of evening primrose oil lotion,
although this needs to be confirmed in further controlled
studies [37].

Intravenous infusion could be considered in the rare patients
with severe injection site reactions following subcutaneous
administration of azacitidine, despite precautionary measures
being taken.

(e}

3.9. Patients with renal or liver impairment

Several dialyzed patients have been successfully treated with no
major cytopenias by reducing the azacitidine dose by about one-
third. However, as there is limited experience of treating patients
with renal or hepatic impairment, a more systematic evaluation
would be necessary to make specific recommendations.

4. Areas requiring further investigation

Azacitidine is currently the only agent proven to increase sur-
vival in patients with Int-2/high-risk MDS, and it is effective
in several difficult-to-manage groups, including the elderly and
patients with comorbidities [20]. Further studies with azacitidine
are currently underway, including its use:

e Prior to allogeneic SCT in order to reduce tumor burden without
excessive toxicity, or to prevent relapse after allogeneic SCT [38].

e As maintenance treatment after intensive chemotherapy [39,40].

¢ In combination with different agents including histone deacety-
lase (HDAC) inhibitors, lenalidomide and low-dose chemother-
apy [41,42].

¢ In low/Int-1 risk MDS that are resistant or not suitable for other
treatments [43].

¢ In more ‘proliferative’ AML, i.e. with >30% marrow blasts.

5. Conclusions

Azacitidine is an important new management approach for indi-
viduals with Int-2/high-risk MDS due to its beneficial effects on
survival and QoL measures [20,25,34]. However, as results from
the pivotal studies with azacitidine are recent, several aspects of
the practical use of this agent are still uncertain. The goal of the
recommendations presented here is to ensure optimal manage-
ment of Int-2 and high-risk patients to maximize clinical responses.
Patients should be classified according to IPSS to ensure all Int-2 and
high-risk patients ineligible for SCT are considered for azacitidine
therapy, irrespective of age, concomitant comorbidities, karyotype,
FAB or WHO classification. Based on the evidence currently avail-
able, patients should receive azacitidine at a dose of 75 mg/m?2/day
for 7 consecutive days, every 28 days for a minimum of six cycles,
with maintenance treatment until disease progression in patients
achieving CR, PR or HI. Neutropenia and thrombocytopenia are the
most common AEs during azacitidine therapy; at least in the most
advanced cases of MDS, no dose modifications are recommended
during the first three treatment cycles even in the presence of
severe cytopenias, except in case of clinical complications (espe-
cially sepsis). Management strategies for cytopenias include RBC
and platelet transfusions; the prophylactic use of antibiotics, anti-
fungals and G-CSF needs further evaluation. Non-hematologic side
effects are generally manageable and short-lived.

Preliminary findings on the efficacy and safety of combina-
tions of azacitidine and other drugs, such as HDAC inhibitors and
lenalidomide, are encouraging [38,40,42] but will have to be vali-
dated in phase III clinical trials with survival as primary endpoint.
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Indeed, azacitidine is associated with improved survival in spite
of modest CR and PR rates; therefore, overall survival rather than
response should be the primary endpoint of future studies.
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