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/INTRODUCTION

The hypomethylating agents azacitidine and decitabine (5-
aza-2'-deoxycytidine) are currently approved for the treat-
ment of several specific forms of myelodysplastic syndromes
(MDS), chronic myelomonocytic leukemia (CMML), and acute
myeloid leukemia (AML), as depicted in Table 1.

The only potentially curative therapy for patients with high-
er-risk MDS (International Prognostic Scoring System intermedi-
ate-2 risk and high risk) is an allogeneic stem cell transplantation
(allo-SCT). However, for the majority of patients, allo-SCT is not
an option because of advanced age and/or comorbidities. In ad-
dition, the results obtained with intensive chemotherapy (when
feasible) are often disappointing. For patients with MDS, the
probability of complete remission after intensive chemotherapy
isgenerally lower and the remission duration shorter than for pa-
tients with primary AML [1]. Therefore, the introduction of the
hypomethylating agents has been a major advancement in the
treatment of patients with higher-risk MDS who are ineligible for
allo-SCT. Table 2 summarizes the key pharmacologic features of
these two agents.

The pivotal phase lll trial investigating azacitidine treat-
ment in patients with higher-risk MDS demonstrated a sig-
nificant improvement of overall survival compared to
supportive care or low-dose cytarabine. However, when
compared to intensive chemotherapy, there was no signif-
icant difference in overall survival [2]. In the absence of un-
disputed, comparative data, it remains uncertain whether
hypomethylating agents should always be preferred over
intensive chemotherapy [3].

In contrast to azacitidine, decitabine showed no beneficial
effect on overall survival or time to AML in patients with MDS,
even though the response percentages obtained with azaciti-
dine and decitabine were almost the same [2, 4, 5]. The fact
that a survival benefit in patients with MDS was found for
azacitidine and not for decitabine does not necessarily indi-
cate a discrepant pharmacology. The difference may also be
explained by the differences in study design—in particular the
inclusion criteria, the number of treatment cycles, and
whether or not postprogression treatment was allowed.

Implications for Practice: The introduction of the hypomethylating agents azacitidine and decitabine has been a major advance-
mentin the treatment of patients with higher-risk myelodysplastic syndromes, chronic myelomonocytic leukemia, and acute my-
eloid leukemia who are ineligible for more intensive treatments, such as allogeneic stem cell transplantation and induction
chemotherapy. However, a number of uncertainties remain. Because only about 50% of patients respond to therapy with hypom-
ethylating agents, identification of response-predicting biomarkers is warranted. In addition, the majority of responders relapse
within 2 years; thus, identification of mechanisms of resistance is pivotal for further treatment optimization. This concise drug

review summarizes the current state of treatment with the hypomethylating agents azacitidine and decitabine.

Azacitidine and decitabine have also been studied for the treat-
ment of elderly patients with AML. Elderly patients with AML
have a poor prognosis with intensive chemotherapy. Because of
high therapy-related mortality, less aggressive therapies are of-
ten used. A phase lll study in elderly patients (=65 years) with
AML who were unfit for intensive chemotherapy compared low-
dose decitabine with conventional treatments, including low-
dose cytarabine and supportive care. The study demonstrated a
significant survival benefit for decitabine compared to conven-
tional treatment (7.7 vs. 5.0 months; hazard ratio [HR]: 0.82,95%
confidence interval [Cl]: 0.68-0.99; p = .037). Decitabine im-
proved the complete remission rate (17.8% vs. 7.8%, respective-
ly; p = .001) without hampering treatment safety [6]. Based on

these results, in September 2012, decitabine was registered by
the European Medicines Agency (EMA) for the treatment of el-
derly patients (=65 years) with AML who are not eligible for
treatment with standard induction chemotherapy.

An important question is whether therapy with hypom-
ethylating agents in elderly patients with AML may also im-
prove outcome compared with intensive chemotherapy. A
retrospective study in 671 elderly patients (=65 years) with
newly diagnosed AML demonstrated that treatment with hy-
pomethylating agents resulted in a lower complete response
(CR) rate and overall response rate (ORR) than intensive che-
motherapy (CR: 28% vs. 42%; ORR: 29% vs. 47%, respectively).
However the 2-year relapse-free survival rates (40% vs. 30%,
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Table 1. Summary of approved indications

EMA registration

FDA registration

Azacitidine

Treatment of adult patients not eligible for
hematopoietic stem cell transplantation with
intermediate-2 and high-risk MDS; CMML with 10%—
29% marrow blasts and without myeloproliferative

Treatment of MDS according to the FAB classification

disorder; or AML with 20%—30% blasts and
multilineage dysplasia

Decitabine
are not eligible for treatment with standard

induction chemotherapy; not approved for the

treatment of MDS

Treatment of older patients (=65 yr) with AML who

Treatment of patients with MDS of all FAB subtypes,
and intermediate-1, intermediate-2, and high-risk
IPSS groups; not approved for treatment of elderly
patients with AML

Abbreviations: AML, acute myeloid leukemia; CMML, chronic myelomonocytic leukemia; EMA, European Medicines Agency; FAB,
French-American-British; FDA, U.S. Food and Drug Administration; IPSS, International Prognostic Scoring System; MDS, myelodysplastic syndrome.

p = .843) and median survival times (6.5 vs. 6.7 months, p =
.413) were similar in the two groups. This suggests that the
long-term outcomes for elderly patients with AML who were
treated with hypomethylating agents are similar to the long-
term outcomes after intensive chemotherapy [7].

CLiNIcAL USE

Azacitidine is available as a white lyophilized powder, which has
to be reconstituted with Water for Injection immediately prior to
administration to obtain a 25 mg/mL suspension. The azacitidine
suspension should be injected subcutaneously into the upper
arm, thigh, or abdomen. The site of the injection should be ro-
tated. The recommended starting dose for the first treatment cy-
cle of azacitidine (for all patients regardless of baseline
hematology laboratory values) is 75 mg/m? daily for 7 days, fol-
lowed by a rest period of 21 days. Cycles should be repeated ev-
ery 4 weeks. In subsequent treatment cycles, the dose should be
adjusted based on hematologic response and toxicity. A delay in
starting the next cycle or a dose reduction may be necessary [8].

In addition to this 7-day dosing schedule, alternative azaciti-
dine schedules that omit the weekend doses have been evalu-
ated. Although these regimens showed similar benefits
regarding transfusion independence and hematologic improve-
ment, effects on time to AML transformation or overall survival
were not compared. Furthermore, the study population con-
sisted primarily of patients with lower-risk MDS [9]. Therefore, it
remains unknown whether these alternative regimens yield
comparable efficacy as the approved 7-day azacitidine schedule.

Decitabine is also available as a white lyophilized powder.
Ithasto bereconstituted with 10 mLsterile Water for Injection
in order to obtain a 5 mg/mL solution. Immediately after re-
constitution, this solution should be further diluted with 0.9%
sodium chloride solution for injection, 5% glucose solution for
injection, or lactated Ringer’s solution for injection to a final
drug concentration of 0.1-1.0 mg/mL[10].

At present, two regimens for decitabine administration
are approved by the U.S. Food and Drug Administration: the
original 6-weekly regimen of 15 mg/m? administered by con-
tinuous intravenous infusion over 3 hours repeated every 8
hours for 3 days, and the later-approved 4-weekly regimen of
20 mg/m? by continuous intravenous infusion over 1 hour re-
peated daily for 5 days [10]. The main advantage of this new
regimen is the reduced infusion time, which enables treat-
ment in the outpatient setting [11]. This 4-weekly decitabine
regimen is also the dose scheme recently approved by the
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EMA for treatment of elderly patients (=65 years) with AML
who are not eligible for standard induction chemotherapy [6].

Complete blood counts should be determined at least
prior to each cycle to monitor response and toxicity. If myelo-
suppression is present (absolute neutrophil count <1,000/uL
and platelets <50,000/ulL), subsequent decitabine cycles
should be delayed; for the original 6-weekly treatment regi-
men, the dose should be temporarily reduced [10].

DURATION OF TREATMENT

Azacitidine treatment should be continued for a minimum of
six courses before evaluating the effects of treatment. Re-
sponsetotreatmentisassessed accordingtothe International
Working Group criteria, distinguishing three response catego-
ries: complete response, partial response, and hematological
improvement[12].Silverman et al. found thatin 91% of there-
sponding patients, initial response was seen within six cycles
[13]. Continued azacitidine treatment after initial response
further improved the response in 48% of patients. Maximum
response was achieved by 92% of responders by cycle 12 [13].

Similarly for decitabine, a broad range was found for the time
toinitial response. The median time to response was more than 3
months [4, 5]. It is recommended to continue decitabine treat-
ment for a minimum of four cycles (i.e., 6 months), provided that
patients are monitored for hematologic and renal toxicities [10].
Treatment with azacitidine or decitabine should be continued as
long as the patient shows continued benefit [8, 10]. The median
duration of the hematological response was about 13 months in
both azacitidine studies [2, 14, 15] and 9—10 months in both de-
citabine studies [4, 5].

The possibility of retreatment with decitabine at the moment
of disease recurrence after initial treatment was investigated.
Retreatment with decitabine was found to result in objective re-
sponses in 45% of the patients who previously responded to de-
citabine. However, the quality and duration of the second
disease remission were found to be inferior. Therefore, patients
who respond to decitabine might possibly derive more clinical
benefit from continuation of the initial treatment [16].

MECHANISM OF ACTION

Epigenetic changes, such as aberrant DNA methylation, have
an important place in the pathogenesis of MDS and AML. The
most studied change of DNA methylation is the silencing of tu-
mor suppressor genes by hypermethylation of the CpGislands
within the promoter region [17]. In contrast to structural
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Table2. Summarytable

Generic name

Azacitidine

Decitabine

Synonym
Commercial name

5-azacytidine
Vidaza (Celgene Europe, Windsor, U.K.)

5-aza-2'-deoxycytidine

Dacogen (MGI Pharma, Bloomington, MN)

Molecular weight 244.2 Da 228.2 Da
Mechanism of action Inhibition of DNA methyltransferase Inhibition of DNA methyltransferase
Cell-cycle specificity S-phase S-phase
Route of administration Subcutaneous injection Intravenous infusion
Bioavailability 89% 100%
Metabolism Deamination mediated by cytidine deaminase, As azacitidine
principally found in the liver but also in
granulocytes, intestinal epithelium and whole
blood; the metabolism is not mediated by
cytochrome P450 isoenzymes
Elimination Primarily via urine (50%—85%), small amount via Primarily via urine
feces (<1%)
Terminal half-life ~41 min 37-47 min

Main toxicities

Unique features Reversal of DNA hypermethylation

Dose adaptations

As decitabine; plus, specific for azacitidine,
injection site adverse reactions, mainly erythema

Based on hematological response and toxicity, a
dose delay or reduction may be necessary.
Renal insufficiency: No specific modification to
the starting dose is recommended; however,
monitor closely and reduce dose if necessary.

Myelosuppression (mainly neutropenia and
thrombocytopenia); gastrointestinal toxicities
(nausea, vomiting, diarrhea, constipation)

Reversal of DNA hypermethylation

Myelosuppression (ANC <1,000/uL and
platelets <50,000/puL): Delay of the
subsequent cycle and (in case of the original
6-weekly treatment regimen) temporary dose
reduction.

Renal insufficiency: As azacitidine

Abbreviation: ANC, absolute neutrophil count.

changes such as mutation or deletion causing permanent loss
of gene expression, epigenetic changes can be pharmacologi-
callyreversed, resulting in gene re-expression and restoration
of normal cellular functions [18].

Azacitidine and decitabine (5-aza-2'deoxycytidine) are cyt-
idine analogs in which the carbon atom at position 5 in the pyrim-
idine ring has been replaced by a nitrogen atom (Fig. 1).
Originally, they were intended as cytotoxic drugs. However, it
was discovered that a low dose of these drugs could cause DNA
demethylation by inactivation of DNA methyltransferase-1
(DNMT-1), the enzyme responsible for methylation of the DNA [19].

Following cellular uptake, azacitidine and decitabine are con-
verted into their monophosphates, diphosphates, and triphos-
phates. Decitabine triphosphate is a deoxyribonucleotide that is
incorporated only into DNA. Azacitidine is mainly converted to
azacitidine triphosphate, which is incorporated into the RNA. A
smaller portion of the administered azacitidine, about 10%—20%,
is converted to 5-aza-2'-deoxycytidine triphosphate via the en-
zyme ribonucleotide reductase and is available for incorporation
intothe DNA. Incorporationintothe DNAresultsin the formation
of adducts between the DNA and DNMT-1. At high doses, the
DNA is not able to recover and cell death occurs. However, at
lower doses the formed adducts are degraded by the proteo-
some, after which the DNA is restored. DNA synthesis is then re-
sumedinthe absence of DNMT-1. Asa consequence the aberrant
DNA methylation pattern can no longer be reproduced toward
the daughter strands [20]. In this way, a low dose of azacitidine or
decitabine is able to induce re-expression of previously silenced
genes. Reactivation of cell cycle-regulating genes that were ini-
tially silenced due to hypermethylation may induce cell differen-
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Figure1l. Chemicalstructures of cytidine (A), azacitidine (B), and
decitabine (5-aza-2'-deoxycytidine) (C).

tiation, reduce proliferation, and/or increase apoptosis of the
daughter cells [21].

RESPONSE PREDICTION

Several reports have dealt with response prediction, focusing
on two different outcomes: response to treatment with hy-
pomethylating agents and longer-term endpoints (mainly
overall survival). For patients with higher-risk MDS, several
factors were associated with a slightly superior response to
hypomethylating therapy: no prior therapy, shorter MDS du-
ration [22], longer MDS duration prior to treatment [5], nor-
mal karyotype, a bone marrow blast percentage <15%, and
no previous exposure to low-dose cytarabine [23].

For prediction of the overall survival following azacitidine
therapy, ltzykson et al. proposed a three-category prognostic
classification system based on independent prognostic fac-
tors. Predictors for a favorable overall survival were a perfor-
mance status <2, high-risk cytogenetics, absence of
circulating blasts, and no red blood cell transfusion depen-
dency (<4 units per 8 weeks). The prognostic score, based on
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these four factors, discriminated three groups with median
overall survival times of 6, 15, and >26 months, respectively
[23]. The obtained prognostic score was validated in several
independent patient cohorts receiving azacitidine [24, 25].
Moreover, platelet doubling after the first cycle of azacitidine
was found to predict alonger overall survival time for patients
with MDS, CMML, or AML [25].

Itis nevertheless important to further improve identifica-
tion of prognostic factors of response to hypomethylating
agents. Mutationsinthe TET2 and DNMT3A genes (both regu-
lating DNA methylation) and the ASXL1 gene (regulating his-
tone modifications) are associated with a favorable response
of patients with higher-risk MDS to azacitidine treatment.
However, these genetic factors have notyet been clearly asso-
ciated with differences in survival [26, 27].

TREATMENT FAILURE

Only about 50% of patients respond to therapy with hypom-
ethylating agents, and the majority of the responders relapse
within 2 years [2]. The outcome after failure of hypomethylat-
ing therapy is poor. Retrospective analysis of the outcome of
435 patients with higher-risk MDS who experienced azaciti-
dine treatment failure demonstrated a median overall sur-
vival of 5.6 months and a 2-year survival probability of 15%
[28]. For 87 patients with MDS or CMML, a median overall sur-
vival time of 4.3 months was reported after decitabine failure,
with an estimated 1-year survival rate of 28% [29]. The out-
come of patients with secondary AML arising from MDS after
azacitidine failure was even worse, with a median overall sur-
vival time of 3.6 months and a 1-year survival rate of only 8%
[30]. Thereis nostandard of care for salvage therapy after fail-
ure of hypomethylating therapy. Because of the limited ther-
apeutic options, this is a challenging cohort of patients in a
setting that constitutes an important area of research.

One might question whether it could be useful to switch from
one hypomethylating agent to the other after treatment failure.
Considering the slightly different mechanisms of action of azaci-
tidine and decitabine, as well as the distinct metabolic activation
routes concerned, there is not necessarily complete cross-resis-
tance between both hypomethylating agents. Failure of one drug
may not exclude activity of the other. A small study investigated
the value of decitabine treatment after azacitidine failure [31]. Of
the 14 patients with MDS who were analyzed, three patients
achieved complete remission and one patient showed hemato-
logic improvement, which corresponded to an overall response
rate of 28%. Of the responders, prior azacitidine therapy was
stopped because of disease progression (n = 1), lack of response
(n = 2), and severe skin toxicity (n = 1) [31], which suggests that
changing hypomethylating therapy from azacitidine to decit-
abine may have some clinical utility. No studies were found inves-
tigating a switch in the opposite direction (i.e., the use of
azacitidine in decitabine failures).

COMBINATION THERAPIES

Numerous reports have dealt with the combination of hypom-
ethylating agents and other agents, ranging from growth factors
to histone deacetylase inhibitors. A fully comprehensive over-
view of all combination strategies currently investigated is be-
yond the scope of this review. However, we would like to
highlight the promising combination of a hypomethylating agent
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with the immunomodaulating drug lenalidomide. A phase Il study
demonstrated that the combination of azacitidine (75 mg/m?
daily for 5 days) and lenalidomide (10 mg/day for 21 days, 28-day
cycle) was welltolerated and highly active in patients with higher-
risk MDS. Using this combination, 44% of patients achieved CR
and the ORR was 72% [32]. These results seem to be better than
theresponse rates obtained with azacitidine monotherapyinthe
AZA-001trial (CR: 17%, ORR:49%) [2], although the discrepant re-
sponse rates might be attributable to differences between the
study populations. Randomized trials comparing this combina-
tion regimen, as well as others, with azacitidine monotherapy,
are currently ongoing.

BIOANALYSIS

The bioanalysis of azacitidine and decitabine in human plasma
can be exerted by high-performance liquid chromatography
coupled with tandem mass spectrometry detection [33, 34].

PHARMACOKINETICS

Absorption

Azacitidine is rapidly absorbed after subcutaneous adminis-
tration. Following a standard dose of 75 mg/m? subcutane-
ously, maximum plasma concentration (750 * 403 ng/mL) is
reached after 30 minutes. The absolute bioavailability of
azacitidine after subcutaneous administration is approxi-
mately 89% compared to intravenous infusion [35].

For decitabine, maximum plasma concentration is gener-
ally observed at the end of infusion. Following a 3-hour intra-
venous infusion of 15 mg/m?, the maximum plasma
concentration is 64.8—77.0 ng/mL. At this time, steady-state
plasma concentration is reached as well [36].

Distribution

Both azacitidine and decitabine are widely distributed over tis-
sues. For azacitidine, the mean volume of distribution after intra-
venous administration was about 76 L [35]. For decitabine, a
volume of distribution of 63—89 L/m? was found at steady state [36)].

Metabolism

Intracellular phosphorylation is a pivotal step for azacitidine
and decitabine to become active. Beyond this step, the exact
metabolic fate of azacitidine and decitabine is unknown. Both
drugs undergo spontaneous hydrolysis in agueous solution
and deamination mediated by cytidine deaminase, which is
principally foundintheliverbutalsoin granulocytes, intestinal
epithelium, and whole blood. In vitro studies indicate that the
metabolism of azacitidine and decitabine is not mediated by
cytochrome P450 isoenzymes. Clinically significant inhibitory
orinductive effects on CYP enzymes are also unlikely [10, 37].

Elimination

Azacitidine is cleared rapidly from plasma. The mean elimina-
tion half-life after a standard subcutaneous dose of 75 mg/m?
isabout41 minutes. Thisisapproximately twofold higher than
the mean elimination half-life after intravenous administra-
tion (22 minutes). The systemic clearance of azacitidine is
147 * 47 L/hour [35]. Urinary excretion is the primary route of
elimination of azacitidine and its metabolites. Following intra-
venous and subcutaneous administration of **C-labeled azaci-
tidine, 50%—85% of the administered radioactivity was
recoveredinurine, whereas less than 1% was recoveredin the
feces. Unfortunately, parent drug and possible drug metabo-

O%ecologist“



Derissen, Beijnen, Schellens

623

lites could not be distinguished in these **C-azacitidine stud-
ies. Nevertheless, the longer half-life calculated based on **C
radioactivity (3.4—6.2 hours) suggested the presence of circu-
lating metabolites [38, 39].

The terminal elimination half-life (t,,,) of decitabine is
37-47 minutes. Consequently, steady-state in plasma is
reached at the end of the 3-hour infusion. Thereafter, plasma
concentrations decline biexponentially and are measurable
up to 2 hours postinfusion. The total body clearance of decit-
abine is 125-132 L/hour per m?. Decitabine plasma pharma-
cokinetics remained unchanged upon repeated dosing and
even from cycle to cycle [36].

Alterations for Special Populations

Because azacitidine, decitabine, and/or their metabolites are
primarily excreted by the kidneys, caution is needed in pa-
tients with renal impairment. Liver function tests and serum
creatinine should be determined prior to initiation of therapy
and prior to each treatment cycle. No specific modification to
the starting dose is recommended in patients with renal insuf-
ficiency prior to starting treatment. However, patients should
be closely monitored for toxicity and dose reductions should
be implemented if necessary [8]. To our knowledge, there has
only been one retrospective study that examined the feasibil-
ity of therapy with azacitidine or decitabine in patients with re-
nal insufficiency (creatinine clearance =59 mL/min) [40].
Toxicity rates were comparable to those in previous reportsin
patients with adequate renal function. Most patients were
able to tolerate the hypomethylating agents at standard
doses. However, dose reductionsand treatmentinterruptions
were required for some patients, particularly those with se-
vere renal insufficiency (i.e., creatinine clearance =30 mL/
min). This group experienced more treatment-related
toxicities, mainly myelosuppression and worsening of the re-
nal function [40]. A prospective study may be warranted to
better define the pharmacokinetics of hypomethylating
agents in patients with renal insufficiency and to determine if
dose adjustments at the beginning of treatment would be
needed. One trial (NCT00652626) is currently recruiting pa-
tients to study the effect of renal impairment on the pharma-
cokinetics of azacitidine.

Toxicity

Azacitidine and decitabine are generally well tolerated and
have a manageable toxicity profile. The most common toxicity
is myelosuppression, mainly displaying as neutropenia and
thrombocytopenia. However, toxicity can be difficult to assess
for patients with severe cytopenias from their disease [2, 14,
41]. Adverse events related to myelosuppression typically oc-
cur in the third week of the treatment cycle. Most patients
achieve hematologic recovery prior to the next treatment cy-
cle. Otherwise, a delay in starting the next cycle or a dose re-
duction may be necessary. Hematologic adverse events were
most frequently observed during the first two treatment cy-
cles and nadir values for hematologic parameters generally
improved during subsequent cycles [4,41]. Dataaboutanele-
vated risk for infections or bleeding caused by hypomethylat-
ing agents were not very consistent [41]. Patients should be
advised to promptly report febrile episodes and to be obser-
vant for signs and symptoms of bleeding [8].
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The most common nonhematological adverse events
were gastrointestinal toxicities such as nausea, vomiting, diar-
rhea, and constipation, which generally occurred in the first
week of the treatment cycle. These events were generally mild
andtransient. They could be managed with concomitant med-
ications, including antiemetics and antidiarrheals [2, 4].

Azacitidine administration can result in adverse reactions at
the site of injection, mainly erythema. Most of these reactions
are transient. A minority of patients (<12%) required treatment
with corticosteroids and/or antihistamines. The incidence of ad-
versereactions at the site of injection might be reduced by chang-
ing the needle used to load the syringe to a clean needle (i.e.,
without azacitidine residue) before injection. Additionally, use of
warm compresses after injection may alleviate symptoms [41].

CONTRAINDICATIONS OR SPECIAL PRECAUTIONS

According to the product information, azacitidine is contraindi-
catedin patients with advanced malignant hepatictumors. There
are no adequate data on the use of azacitidine or decitabine in
pregnant women. Studies in mice have shown reproductive tox-
icity. Based on these results and their mechanism of action, azaci-
tidine and decitabine should not be used during pregnancy,
especially during the first trimester, unless clearly necessary.
Men and women of childbearing potential must use effective
contraception duringand up to 3 months after treatment. Itis not
known whether azacitidine, decitabine, or their metabolites are
excreted in human milk. Because of potential serious adverse re-
actions in nursing infants, breastfeeding is contraindicated dur-
ing treatment. The safety and effectiveness in children younger
than 18 years have not been established [8, 10].

CLINICAL MONITORING

Complete blood counts should be performed at least prior to
each cycle to monitor response and toxicity. Possible conse-
guences for the administered dose were previously de-
scribed. Liver function tests and serum creatinine should be
determined prior to initiation of therapy and prior to each
treatment cycle. No dose reduction is recommended for pa-
tients with hepaticorrenalinsufficiency prior to starting treat-
ment, but patients should be closely monitored for toxicity [8,
10]. For patients treated with azacitidine, the serum bicarbon-
ate concentrations should be monitored. If unexplained re-
ductions in serum bicarbonate (<20 mmol/L) or elevations of
serum creatinine or blood urea nitrogen (at least twofold
above baseline and above the upper limit of normal) occur,
the dose should be reduced or administration delayed [8]. De-
citabinetreatmentshould be postponedifany of the following
nonhematologic toxicities are present: serum creatinine
=177 pmol/L(2 mg/dL); alanine aminotransferase or total bil-
irubin at least two times the upper limit of normal; or active or
uncontrolled infection. Decitabine treatment should not be
restarted until the toxicity is resolved [10].
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