CP, Apr, p122-7, CF2two.qxp

Clinical Pharmacist

April 2010

10:23

Page 122

Vol 2

Acute myeloid leukaemia is treated with chemotherapy and, if appropriate, stem cell transplantation.
For those with chronic myeloid leukaemia, therapy has been transformed by tyrosine kinase inhibitors

Adult myeloid leukaemias
current and future treatments
By Nick Duncan, MSc, MRPharmS
reatment options for acute myeloid leukaemia
(AML), chronic myeloid leukaemia (CML) and the
myelodysplastic syndromes (MDS) have grown over
the past decade with several important new therapies
having been licensed or currently under development,
alongside advances in stem cell transplantation.

T

Acute myeloid leukaemia
Chemotherapy for AML is divided into two phases:
induction and consolidation. The initial aim of induction
treatment is to produce a “morphological complete
remission” — ie, normal neutrophil and platelet counts
and a reduction in the number of leukaemic blast cells to
<5% of the total white blood cell count in the bone
marrow. Induction regimens include cytarabine and an
anthracycline (see Box 1, p123). Between 70% and 90% of
patients achieve complete remission after one or two
courses of induction treatment.
Recent research suggests that adding the
immunoconjugate
gemtuzumab
ozogamicin
(a
combination of an anti-CD33 monoclonal antibody and an
anthracycline antibiotic known more commonly by its
brand name Mylotarg) to regimens containing cytarabine
and daunorubicin might increase response rate and
lengthen disease-free survival.1 However, this treatment is
not licensed in Europe at present (see “Future therapies”
below).
Patients designated as “good risk” according to
cytogenetic profiling (see p121 of accompanying article)
are normally treated with two courses of induction
chemotherapy followed by one or two courses of
consolidation chemotherapy. However, uncertainty
remains as to the most effective consolidation schedule
and the optimal number of courses.
Patients designated as “intermediate risk” or “poor risk”
according to their cytogenetic profile and who respond to
induction chemotherapy can be considered for an
allogeneic stem cell transplant (SCT; see p126).2
Chemotherapy alone is associated with a significant risk of
disease relapse in these patient groups.
The treatment of AML differs for certain patient
populations.

Elderly Over the past 30 years of Medical Research
Council (now National Cancer Research Institute
[NRCI]) trials, the use of intensive chemotherapy has
produced significant improvements in outcome for
younger patients. However, approximately 70% of patients

SUMMARY
The management of chronic myeloid leukaemia has been revolutionised by
the discovery of imatinib and other tyrosine kinase inhibitors. However,
there is still significant progress to be made in the pharmacological
treatment of acute myeloid leukaemia (AML) and the myelodysplastic
syndromes, since the prognosis of particular subgroups (eg, elderly
patients with AML and patients with MDS who are deemed to be at higher
risk) remains poor.
With research ongoing into several novel, targeted therapies, the hope is
that the incremental improvements in patient outcomes, which have been
demonstrated over the past few decades, will continue to be seen in the
future. Concerns remain about whether the significant acquisition costs
associated with these novel therapies will prevent their adoption into
routine clinical practice.

presenting with AML in the UK are over 60 years of age.6
Improvements in survival have been lacking among these
older patients, presumably because:
● The leukaemic cells in this group are intrinsically
more resistant to chemotherapy
● Comorbidities and reduced marrow reserve make it
difficult to deliver intensive chemotherapy
Currently, although the complete remission rate is
about 60% for patients over 60 years of age, their median
survival is only 5–10 months.6 There is concern that high
intensity chemotherapy might actually reduce the
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Box 1: Common AML regimens

CONSOLIDATION

INDUCTION

Acute promyelocytic leukaemia Acute promyelocytic
leukaemia (APML) is a subtype of AML with a better
prognosis than other subtypes (see “Genetic
abnormalities” section in accompanying article, p118).
Treating the condition with a combination of an
anthracycline and all-trans retinoic acid (ATRA) (eg, the
AIDA schedule) produces cure rates in excess of 80%.7
ATRA’s mechanism of action is novel since it promotes
the differentiation (maturation) of malignant cells.
ATRA is given orally at a dose of 45mg/m2 once a day
during induction and consolidation. Although generally
well tolerated, it is associated with a serious adverse event
called differentiation syndrome or ATRA syndrome,
characterised by fever, fluid retention, low blood pressure
and dyspnoea. Treatment requires ATRA to be withheld
and high-dose dexamethasone (10mg intravenously every
12 hours for at least three days) to be commenced
promptly.
For the 15–20% of patients who are not cured by firstline treatment, arsenic trioxide is now widely used second
line and is associated with high complete remission rates.8
Building on the proven efficacy of arsenic as a salvage
therapy, the current AML 17 trial (see below) is
investigating whether a chemotherapy-free combination
of arsenic trioxide and ATRA is better than the AIDA
schedule as first-line therapy for APML.

REGIMEN*

DETAILS

DA 3+10

Daunorubicin 50mg/m2 on days 1, 3 and 5
Cytarabine 100mg/m2 twice a day on days 1–10

DA 3+8

Daunorubicin 50mg/m2 on days 1, 3 and 5
Cytarabine 100mg/m2 twice a day on days 1–8

ADE 10+3+5

Cytarabine 100mg/m2 twice a day on days 1–10
Daunorubicin 50mg/m2 on days 1, 3 and 5
Etoposide 100mg/m2 on days 1–5

ADE 8+3+5

Cytarabine 100mg/m2 twice a day on days 1–8
Daunorubicin 50mg/m2 on days 1, 3 and 5
Etoposide 100mg/m2 on days 1–5

FLAG-IDA

Fludarabine 30mg/m2 on days 2–6
Cytarabine 2g/m2 on days 2–6
G-CSF on days 1–7
Idarubicin 8mg/m2 on days 4–6

MACE

Etoposide 100mg/m2 on days 1–5
Amsacrine 100mg/m2 on days 1–5
Cytarabine 200mg/m2 on days 1–5

MiDAC

Mitoxantrone 10mg/m2 on days 1–5
Cytarabine 1g/m2 twice a day on days 1–3

High dose Ara-C Cytarabine 1.5g/m2 (or 3g/m2) twice a day on days
1, 3 and 5
Key: G-CSF = granulocyte colony stimulating factor
*All drugs are given intravenously except G-CSF (which is given subcutaneously)

receiving gemtuzumab ozogamicin should not be
prescribed concurrent azole antifungals.

Myelodysplastic syndromes

Future therapies The AML 16 and AML 17 trials (both
currently being conducted by the NCRI), are assessing
several novel therapies for AML. The AML 16 trial is
investigating the role of clofarabine (a second-generation
purine nucleoside analogue), gemtuzumab ozogamicin,
arsenic trioxide and azacitidine (see below) in older
patients with AML or high-risk MDS. (AML 17 is
focusing on younger patients with these conditions.)
In AML 17, patients found to have a FLT3 mutation
(see p118) are randomised to receive the orally
administered FLT3 inhibitor lestaurtinib (CEP-710),
sequentially with conventional chemotherapy, or placebo.
Another arm of the same trial is investigating everolimus,
an oral inhibitor of the mammalian target of rapamycin
(mTOR) protein kinase, based on evidence that survival
of AML stem cells may be regulated by mTOR.
A further arm of the AML 17 trial is investigating
whether a higher dose of gemtuzumab ozogamicin confers
greater benefit and whether adding etoposide to induction
chemotherapy improves patients outcomes.
Gemtuzumab ozogamicin is currently approved in the
US for the treatment of elderly patients with relapsed
AML. However, in 2007, its application for licensing in
Europe was rejected by the European Medicines Agency
due to a paucity of trial data and toxicity concerns.9 Side
effects of this treatment include bone marrow
suppression, infusion reactions and veno-occlusive disease
of the liver. Because of the risk of hepatic toxicity, patients
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Supportive care is the cornerstone of treating the
myelodysplastic syndromes; this encompasses antibiotic
therapy, transfusions of red blood cells and platelets, and
stimulation of haematopoiesis using epoetin and
granulocyte colony stimulating factor (G-CSF).10 Iron
chelation therapy (usually with desferrioxamine) is
recommended for patients with long-term transfusion
requirements who have already been administered 5g iron
(approximately 25 units of red blood cells) or more.
Immunosuppression with rabbit antithymocyte
immunoglobulin or ciclosporin can be considered in
patients with a hypocellular marrow.10
Allogeneic SCT is the only potential cure for MDS;
this more intensive approach is considered for patients
with intermediate- or high-risk scores according to the
international prognostic scoring system (see p121 of
accompanying article). Although SCT is associated with
long-term disease-free survival in up to 40% of patients,11
less than 10% of patients are likely to be young enough and
have a suitable donor to be considered for a transplant.12

Azacitadine For patients with MDS who are not eligible
for an SCT, one treatment option is azacitidine — a
hypomethylating agent. A recent study involving 358
patients compared azacitidine with conventional care
(low-dose cytarabine, intensive chemotherapy or best
supportive care).13 After a median follow-up of 21.1
months, median survival (the primary endpoint) was 24.5
months for the azacitidine group compared with 15.0
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duration of survival for some older patients.
Consequently, individualising therapy by using low-dose
cytarabine (eg, 20mg twice a day by subcutaneous
injection for 10 consecutive days every four weeks) or
other low-intensity treatments is regarded as the most
appropriate approach to treating less fit patients.
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months for the control group. (P=0.0001). The median
number of azacitidine cycles received by study patients
was nine with 14% of patients requiring dose adjustments
due to toxicities. Side effects were primarily
haematological but gastrointestinal disturbances and
injection site reactions were also common.
Current challenges associated with the use of
azacitidine include funding (the cost per cycle is over
£4,500) and a lack of extended stability data.
Recommended shelf life after reconstitution is only 45
minutes at room temperature and eight hours under
refrigerated conditions. Therefore it is difficult to prepare
doses in advance for seven consecutive days (as
recommended by the manufacturer) unless aseptic
manufacturing facilities are operating seven days a week.
For this reason, some oncology centres have switched to a
“5+2” schedule where treatment is given on Monday to
Friday of week 1 and on Monday and Tuesday of week 2.
Currently, azacitidine is being appraised by the
National Institute for Health and Clinical Excellence with
final guidance due to be published shortly. However,
NICE’s preliminary recommendation was negative
because the incremental cost-effectiveness ratio for the
drug is likely to be in excess of £60,000 per qualityadjusted life year gained.14

Lenalidomide Another novel therapy that has generated
considerable attention for the treatment of MDS is
lenalidomide. This thalidomide analogue is only licensed
in the UK for multiple myeloma but is approved in the US
as a treatment for patients with lower risk MDS and who
display the specific chromosomal abnormality del 5q. A
large phase II trial demonstrated that lenalidomide
produced a significant reduction in transfusion
requirements in a population of 148 patients with 5q
deletion MDS, as well as benefits at a cytogenetic level (ie,
the mutation could no longer be detected in some
patients).15 Nevertheless, in 2008, the EMA rejected the
manufacturer’s submission for licensing, based on
concerns over the trial design and the way it was
conducted.16
Other novel treatments under investigation for MDS
include farnesyl transferase inhibitors, arsenic trioxide
and tyrosine kinase inhibitors.17

Chronic myeloid leukaemia
The initial aim of treatment for patients newly diagnosed
with CML is to achieve a complete haematological,
cytogenetic and molecular response — these are defined
in Box 2 (p126).18 To achieve these responses, several
treatment options exist.

Tyrosine kinase inhibitors The introduction of
imatinib, an oral BCR-ABL tyrosine kinase inhibitor
(TKI), has revolutionised the management of CML and
the drug is now regarded as first-line treatment.18,19 This is
based on the results of the IRIS study, which compared
imatinib with the previous gold standard treatment of
interferon alfa and cytarabine.20 This study demonstrated
marked superiority in favour of imatinib in terms of
haematologic, cytogenetic and molecular response rates,
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tolerability and quality of life. Long-term follow-up data21
have shown an overall survival rate for patients receiving
imatinib of 89% after five years — results better than
those for any other treatment for the condition. Response
to imatinib is monitored closely using cytogenetic and
molecular analysis at three- to six-month intervals and
specific guidelines exist for defining failure or suboptimal
response.18
When a patient’s response to imatinib is suboptimal or
deteriorates, dose escalation can be considered. However,
resistance to imatinib has been identified as an important
clinical problem.21 Consequently, there has been
considerable interest in finding novel treatments for this
population. This has led to the development of new
tyrosine kinase inhibitors — dasatinib and nilotinib —
that have greater potency and the ability to retain activity
in most imatinib-resistant patients.22 It is possible that
dasatinib or nilotinib could be future first-line treatments
for CML.
Dasatinib Dasatinib can generate complete cytogenetic
response in about 40% in patients who are resistant to or
intolerant of imatinib.23 It has also demonstrated
encouraging efficacy in accelerated phase and blast crisis
disease.22 However, the drug can cause severe neutropenia
and thrombocytopenia in up to 50% of patients. Pleural
effusions have also been reported.

molecular response compared with 22% of patients
receiving imatinib (P<0.0001).

Side effects Pharmacists should be aware of the toxicity

❝

THE INTRODUCTION
OF IMATINIB,
AN ORAL
TYROSINE KINASE
INHIBITOR, HAS
REVOLUTIONISED
THE MANAGEMENT
OF CML

❞

Nilotinib Nilotinib is generally used third line after
imatinib and dasatinib. It appears to be similarly effective
to dasatinib in chronic phase CML24 but is not licensed to
treat blast crisis. Although it appears to be less
myelosuppressive than dasatinib, it is more likely to
produce biochemical abnormalities such as elevated
bilirubin, transaminases and lipases.
A recent phase III trial involving 846 newly diagnosed
CML patients demonstrated superior response rates for
nilotinib compared with imatinib.25 After one year, 44% of
patients receiving nilotinib had achieved a major

Box 2: Defining CML treatment response
RESPONSE

Haematological Complete
● Platelets <450 x 109/L
● White cell count <10 x 109/L
● No immature granulocytes and basophils account
for <5% of total white blood cell count
● Non-palpable spleen
Cytogenetic

Complete
● Ph+ = 0%
Partial (major)
● Ph+ = 1–35%
Minor
● Ph+ = 36–65%

Molecular

Complete
● BCR-ABL gene nonquantifiable and unidentifiable
Major
● 3-log reduction (<0.1%) in detectable level of
BCR-ABL gene

Key: Ph+ = Percentage of granulocytes that contain the Philadelphia chromosome

profiles of TKIs and to be in a position to advise on
appropriate management of side effects — see Box 3
(p127). For example, nausea with imatinib may be reduced
by taking the dose after the main meal of the day or by
splitting the daily dose into morning and evening doses.
Conversely, toxicities with nilotinib are generally greater
if patients take their capsules after food because this
increases the drug’s absorption.
All three medicines are metabolised by cytochrome
P450 enzymes in the liver, primarily CYP3A4, so a large
number of clinically significant drug interactions are
possible. Enzyme inducers (eg, rifampicin and phenytoin)
should not be given concurrently with imatinib, dasatinib
or nilotinib. Potent CYP3A4 inhibitors (eg, itraconazole,
clarithromycin, grapefruit juice) should also be avoided
due to the risk of increased toxicity.

Other treatments Although it was previously considered
to be the gold standard drug therapy for CML, interferon
alfa is no longer recommended as a first-line treatment for
the disease. However, it can be considered for patients
who are unable to tolerate TKI therapy.18,19
Less common treatment options include hydroxycarbamide or busulfan. Although these treatments are
effective at reducing white cell count, they have no effect
on the long-term outcome of CML.

Stem cell transplantation
Allogeneic SCT is an important treatment option for
AML, CML and MDS. Historically, only patients who
were under 45 years of age were considered for such
treatment because of the significant toxicity of the fullintensity conditioning regimens used to prepare patients
for transplantation. However, there has recently been a
marked increase in the use of reduced intensity
conditioning (RIC) regimens. This less intensive approach
is associated with lower toxicity and has meant that
patients aged 45–65 years can now be considered for a
potentially curative transplant.
However, the applicability of SCT is still limited by
the morbidity and mortality associated with the
procedure and a lack of suitable donors. Ideally, the donor
should be a sibling of the recipient with the same human
leucocyte antigen type. However, a matched unrelated
donor may also be considered.

AML When treating AML, allogeneic SCT from a sibling
donor has shown to be better than chemotherapy alone in
patients with intermediate- or poor-risk cytogenetics who
have achieved first complete remission.3
Patient age is crucial for determining whether an RIC
schedule should be used, with full transplantation
generally being reserved for those under 40 years of age.
Phase II data for RIC allografts have demonstrated a 50%
survival rate in high-risk patients, illustrating the ability of
the graft to act against any residual leukaemic cells in this
population (this is known as the graft versus leukaemia
effect).4
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Autologous transplants Although widely used in the
past, autologous SCT — where the stem cells are
harvested from the recipient’s own blood or bone marrow
— is now rarely used to treat AML. However, it may be
considered for patients with APML who have not been
cured by chemotherapy alone.5
In a recent meta-analysis, autologous SCT was shown
to offer no survival advantage over interferon-based
therapy for patients with CML so is not recommended as
an initial treatment for this condition either.28

Box 3: Managing side effects of TKIs26
ADVERSE EFFECT

MANAGEMENT OPTIONS

Diarrhoea

Loperamide

Elevated
transaminases

Withhold treatment until elevation resolves, then
reduce dose

Hypophosphataemia

Phosphate supplements
Monitor closely

Muscle cramps

Quinine sulphate
Calcium gluconate
Electrolyte supplements as needed

Nausea and
vomiting

Take imatinib with food
Ensure good fluid intake
Prescribe antiemetics as needed

Periorbital oedema

Corticosteroid cream

Peripheral oedema

Diuretics as needed

Pleural effusion

Withhold treatment
Diuretics
Consider oral corticosteroids

QTc prolongation

Assess at baseline and correct electrolyte imbalances
Avoid co-administration of medicines that prolong QTc
(eg, antiarryhthmics, clarithromycin, haloperidol)

Skin rash

Manage symptoms (eg, topical antihistamines)
Topical or systemic corticosteroids
Advise patient to ensure adequate sun protection
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CML Imatinib is generally preferred over allogeneic SCT
as first-line treatment for patients with newly diagnosed,
chronic phase CML.18,19 However, SCT is currently the
only treatment that has been shown to cure CML. In those
patients eligible for this procedure, the rates of long-term
molecular remission or cure are about 60%.18
The development of RIC schedules for CML has
extended the upper age limit of transplant eligibility;
results to date are promising with a three-year overall
survival of 70% in “good risk” patients.27
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