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Systemic Treatment of Acute Myeloid Leukemia (AML)

Section 1: Recommendations Summary

The 2016 recommendations
REQUIRE UPDATING

This means that the guidance document needs updating to ensure that the
recommendations reflect current evidence and practice. The existing recommendations
remain relevant and it is still appropriate for this document to be available while the
updating process unfolds.

GUIDELINE OBJECTIVES

The primary objective was to make recommendations regarding the most effective
intensive systemic treatment of acute myeloid leukemia (AML) in adult patients. A secondary
objective was to make recommendations regarding use of patient characteristics to
determine appropriate treatment.

TARGET POPULATION
The target population is adult patients with AML (excluding acute promyelocytic
leukemia) who are deemed suitable for intensive treatment.

INTENDED USERS
The intended users are hematologists, oncologists, nurses, and pharmacists.

RESEARCH QUESTIONS
1. What is the most effective systemic induction treatment for adults with previously
untreated AML who can tolerate intensive treatment?

2. What is the most effective systemic post-remission treatment (consolidation and/or
maintenance, excluding stem cell transplant) for adults with previously untreated AML?

3. What is the most effective systemic treatment (reinduction, consolidation, maintenance;
not including stem cell transplant) for adults with relapsed or refractory AML who can
tolerate intensive treatment?

4. Which patient characteristics are most important when making treatment decisions?

RECOMMENDATIONS, KEY EVIDENCE, AND INTERPRETATION OF EVIDENCE

Preamble
After reviewing the literature to arrive at these recommendations there are two important
background issues that will affect their implementation:

Section 1: Recommendations Summary- February 2, 2016 Page 1




Guideline 12-9 REQUIRES UPDATING

1. Fitness or frailty is a key determinant in assessing whether a patient should be offered
induction chemotherapy with curative intent because of the potential toxicity of this
approach. The selection criteria for entry into most of the studies mentioned do not
explicitly address this issue other than age and performance status. In studies
specifying young or elderly patients, the cut-off is often 60 years of age, but 50 to 65
years have been used in some trials. It is becoming clear that age alone is not an
accurate way of determining treatment tolerability and other tools are emerging that
may refine the evaluation of this important factor. These types of studies are either
in progress or in design and will hopefully better define the target population for these
recommendations (1).

2. Due to the complex nature of treatment of AML and the heterogeneous way in which it
is treated in different countries, these recommendations must be considered in the
broader context of the jurisdiction in which the treatments were administered. For
example, comparing the outcomes of different induction regimens may depend on
when bone marrow evaluations were performed to confirm treatment response, and
the number of induction courses that are considered standard (one versus two). Dosing
of agents may also be influenced by the other agents used in the regimen. Similarly,
the outcomes of consolidation regimens may be influenced by the preceding induction
regimen, which is not uniform.

Question 1. Induction for Previously Untreated AML

Recommendation 1

e (ytarabine (cytosine arabinoside, AraC) plus an anthracycline (or anthracenedione) is
recommended as standard induction treatment for AML.
e Conventional-dose AraC at 100-200 mg/m?*/day for seven days is recommended
for routine use
e High-dose AraC (HDAC) (1-3 g/m*/day) may be considered in younger patients
and those with poor-risk factors®.
e Idarubicin (IDA), daunorubicin (DNR), and mitoxantrone (MTZ), are the
recommended anthracyclines (anthracenediones) for use with AraC.
e The recommended dose for DNR is 60 mg/m?*/day.
¢ It is recommended that IDA or DNR be administered for three days. Various
regimens with MTZ have been used and are considered acceptable.

*See Preamble above for age considerations and Background (Section 2) for a summary of the
European LeukemiaNet subgroups (2)

Recommendation 2

Addition of gemtuzumab ozogamicin (GO) at 3 mg/m? to 7+3 regimens is recommended.

Qualifying Statements for Recommendation 2

e Increase in veno-occlusive disease (more recently designated sinusoidal obstructive
syndrome [SOS]) has been reported with GO at 6 mg/m?* (3,4). This was not evident

Section 1: Recommendations Summary- February 2, 2016 Page 2
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with doses at 3 mg/m?. The risk of SOS needs to be weighed against the benefit of
receiving GO in patients who are destined to receive an allogeneic cell transplant.

e While the ALFA-0701 trial (5) suggested greater benefit in patients with
cytogenetically normal or with favourable/intermediate genetics, there was
insufficient evidence to restrict the recommendation based on cytogenetics or other
defined subgroups.

e While evidence indicates GO may improve OS and RFS, it is currently not approved for
use in Canada.

Recommendation 3

The purine analogues cladribine, fludarabine, and clofarabine cannot be recommended for
routine use at this time.

There may be a role in relapsed/refractory AML (see Question 3).

Qualifying Statements for Recommendation 3

¢ Some fludarabine regimens have been found effective but not directly compared with
the same regimens without fludarabine, nor to standard 3+7 treatment. The MRC
AML15 trial (6,7) and Russo et al (8,9) found benefit of FLAG-IDA (fludarabine + AraC +
granulocyte colony-stimulating factor [GCSF] + IDA) and FLAI (fludarabine + AraC +
IDA), respectively. The fludarabine arms contained high-dose AraC and the control
arms used standard-dose AraC. The relative effect of AraC dose and fludarabine in
these trials is unknown.

e FLAG is among the regimens recommended by (10) for relapsed/refractory AML
based on non-randomized trials. A small Chinese study of induction (11) found FLAG
(fludarabine + AraC + GCSF) and IDA + AraC to result in similar complete remission
(CR). While evidence from the literature review is considered insufficient to make a
recommendation, FLAG may be an option in cases where an anthracycline is
contraindicated.

Recommendation 4

e Addition of etoposide to AraC plus DNR induction is not recommended.

Recommendation 5

¢ Induction chemotherapy adjuvants such as GCSF or granulocyte-macrophage (GM)-CSF,
interleukin-11, or multidrug resistance modulators such as cyclosporine A, PSC-833
(valspodar), and zosuquidar are not recommended.

Question 2. Post-Remission Treatment

It is considered standard practice to give consolidation treatment to patients who
achieve CR after induction treatment. Transplantation was outside the scope of the review
and other guidelines should be consulted concerning appropriate selection of patients for
transplant. All patients that may be transplant candidates should receive early referral to a
transplant centre. While transplant may take place immediately after induction (without any
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consolidation), due to delays prior to transplant, most patients scheduled for transplant will
receive consolidation treatment.

Recommendation 6

Two or three courses of consolidation are recommended.

Qualifying Statements for Recommendation 6

¢ Regimens for consolidation may be the same as used for induction and the distinction
between these two phases of treatment is sometimes somewhat arbitrary. The total
number of courses of induction plus consolidation combined may be the most
important consideration.

Recommendation 7

e For patients with core-binding factor (CBF)-AML receiving consolidation with AraC
alone, HDAC at 1-3 g/m*/day is recommended. HDAC may be considered for other
patients.

e Patients with CBF-AML should receive three cycles of consolidation, of which at least
two contain HDAC.

Qualifying Statements for Recommendation 7

e HDAC at 1-3 g/m?/day is considered appropriate; however, there is insufficient
evidence to recommend an optimal dose within this range.

e The benefit of HDAC is greatest for CBF-AML. The relative benefit of HDAC compared
with adverse effects is less clear for other subtypes of AML.

Recommendation 8

e HDAC or standard-dose AraC may be used in combination chemotherapy. Standard-
dose combination chemotherapy should be considered for patients determined to be
unsuitable for HDAC consolidation.

Qualifying Statements for Recommendation 8
o Effectiveness may be influenced by age and/or prior treatment.
e There is insufficient evidence to recommend an optimal dose of HDAC.
e The benefit of adding anthracycline to HDAC is unclear.
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Recommendation 9

o There is insufficient evidence to make any recommendations for or against the use of
maintenance chemotherapy in patients who received consolidation therapy.

¢ Use of maintenance treatment alone is not routine, but may be considered for those
unable to tolerate consolidation.

Qualifying Statements for Recommendation 9

e We did not consider there to be sufficient evidence to make a recommendation at this
time. Based on past experience there is no evidence maintenance therapy after
consolidation is useful as it currently exists; however, there are ongoing studies
examining this issue (see Table 4-17). Ongoing trials with new drugs with different
mechanisms of action and targeted therapy may find a benefit.

Question 3. Relapsed or Refractory AML

While the intent in the treatment of relapsed or refractory AML is to allow subsequent
transplant for responding patients, the decisions regarding transplant eligibility and
procedures are beyond the scope of this document. The Program in Evidence-Based
Care/Cancer Care Ontario report on Stem Cell Transplant (12) and recent provincial
guidelines should be consulted. All patients that may be transplant candidates should receive
early referral to a transplant centre.

Recommendation 10

» For patients with refractory disease or relapse, a more intensive or non-cross-resistant
treatment is recommended. The following list is not meant to be inclusive of all
reasonable therapies, but highlights a few with good response in the included
randomized controlled trials (RCTs):

e HDAC + MTZ

e AraC (500 mg/m?*/day continuous infusion)* + MTZ + etoposide + GM-CSF
e AraC (100 mg/m? q12h) + DNR + etoposide

e Low-dose CAG: AraC (10 mg/m* q12h) + ACR + GCSF + etoposide

*See qualifying statement regarding dose

e Clofarabine, fludarabine (FLAG, FLAG-IDA), and cladribine regimens should be
considered when alternative or additional agents are required.

Qualifying Statements for Recommendation 10

e There is no clear consensus about the length of CR duration that indicates re-
treatment with the same induction chemotherapy would be as effective as an
alternate regime. The National Comprehensive Cancer Network (NCCN) suggests CR
duration of >12 months (10), while others use two to five years, or never. It has been
suggested that AML recurring after a long CR may actually be new disease. With more
detailed characterization of the genetic architecture of AML this distinction may
become more evident in the near future. Re-treating with an ineffective regimen
delays effective treatment while increasing risk of adverse events and treatment-
related mortality.
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« FLAG is among the regimens recommended by the NCCN (10) for relapsed/refractory
AML based on non-randomized trials (13). While evidence from the literature review is
considered insufficient to make a recommendation, FLAG may be an option in cases
where an anthracycline is contraindicated.

e AraC at 1 g/m?*/day or 1.5 g/m?/day has also been widely used (e.g., (14-16)) but not
directly compared. Several trials, both randomized and retrospective, report a large
variation in response rates (17-22).

e A small case-series reported experience using high-dose etoposide and
cyclophosphamide with modest benefit (23), although evidence appears weak.

Question 4. Which patient characteristics are most important when making treatment
decisions?

During the planning stages of the systematic review it was decided to focus on RCTs,
while acknowledging that RCTs might not provide the best source of evidence on patient
characteristics. Some treatments were found to be of benefit in only a subset of patients
(age, cytogenetic risk or subtype); however, the trials were usually not powered to detect
differences in subgroups. The RCTs were not designed to directly determine which of these
factors should guide treatment. The accompanying literature review, while commenting on
some characteristics related to treatment, was not sufficient to address this question and no
recommendations are being made. Several guidelines on treatment of AML have included
sections on patient factors including age, comorbidities, cytogenetic abnormalities and
associated risk category, and response to previous treatment. The most recent are the NNCN
guideline (10), the Canadian consensus guideline for older patients (24), and the European
Society for Medical Oncology (ESMO) guideline for diagnosis, treatment, and follow-up (25).
Older but comprehensive management guidelines from Britain (26), ltaly (27), and the
European LeukemiaNet (2) are also relevant. The reader is referred to these documents for
further details. Some of this information may arise from studies that are currently ongoing.
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Systemic Treatment of Acute Myeloid Leukemia (AML)

Section 2: Guideline - Recommendations and Key Evidence

The 2016 recommendations
REQUIRE UPDATING

This means that the guidance document needs updating to ensure that the
recommendations reflect current evidence and practice. The existing recommendations
remain relevant and it is still appropriate for this document to be available while the
updating process unfolds.

GUIDELINE OBJECTIVES

The primary objective was to make recommendations regarding the most effective
intensive systemic treatment of acute myeloid leukemia (AML) in adult patients. A secondary
objective was to make recommendations regarding use of patient characteristics to
determine appropriate treatment.

TARGET POPULATION
The target population is adult patients with AML (excluding acute promyelocytic
leukemia [APL]) who are deemed suitable for intensive treatment.

INTENDED USERS
The intended users are hematologists, oncologists, nurses, and pharmacists.

RESEARCH QUESTIONS
1. What is the most effective systemic induction treatment for adults with previously
untreated AML who can tolerate intensive treatment?

2. What is the most effective systemic post-remission treatment (consolidation and/or
maintenance, excluding stem cell transplant) for adults with previously untreated AML?

3. What is the most effective systemic treatment (reinduction, consolidation, maintenance;
not including stem cell transplant) for adults with relapsed or refractory AML who can
tolerate intensive treatment?

4. Which patient characteristics are most important when making treatment decisions?

BACKGROUND

Intensive systemic treatment of AML toward a potential cure requires accurate
diagnosis and prognostication using cytogenetic and molecular markers as described in recent
guidelines from the National Comprehensive Cancer Network (NCCN) (10), the European
Society for Medical Oncology (ESMO) (25), the European LeukemiaNet (2), Britain (26), Italy
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(27), and Canada (24). The American Society of Hematology and the College of American
Pathologists are jointly preparing a guideline for the initial work-up of acute leukemia
(http: //www.hematology.org/Clinicians/Guidelines-Quality/4340.aspx).

AML is a disease with an extremely poor prognosis, and generally leading to death
within a few months. Intensive treatments are required to induce complete remission (CR)
but are very toxic and are associated with relatively high early mortality rates, especially in
elderly patients with poor performance status or comorbidities. Patients who are considered
unable to tolerate intensive treatment may be offered supportive care or low-intensity
therapy; these are outside the scope of the current guideline. Even patients with good
response to induction will relapse within a few months (early relapse) or a few years. To
increase survival, through decreasing relapse, induction (if resulting in CR) may be followed
by stem cell transplant (allogeneic if there is a suitable donor) or further chemotherapy
(consolidation + maintenance). Issues regarding transplant are also outside the scope of the
current guideline and other guidelines or reviews should be consulted (10,12,24,28,29). All
patients that may be transplant candidates should receive early referral to a transplant
centre.

As with other cancers, AML is a heterogeneous disease with prognosis and response to
treatment influenced by the genetic changes involved. AML is divided into three to four risk
groups, based on cytogenetic findings, with corresponding rates of obtaining a complete
remission (<5% blasts in the bone marrow) and duration of disease-free survival (DFS) and
overall survival (OS). One of the more recent classifications is by the European LeukemiaNet
(2)". APL has a different prognosis and treatment than other subtypes and is excluded from
recent randomized controlled trials (RCTs) evaluating AML treatments. As such, it is also not
covered in this guideline; the reader may consult the NCCN AML guideline (10) or others
specifically on APL (30-33). Due to the high rate of serious adverse events (including death)
of intensive therapy, the relative benefit of therapy versus risk has to be considered. As
discussed in the literature review (see Section 3), some chemotherapy regimens may also
work better for specific subtypes of AML. Most trials were neither designed nor powered to
distinguish treatment effectiveness for specific molecular subgroups, although retrospective
analysis suggests some differences that may be explored in further trials. Core-binding factor
(CBF)-AML is an example of a subtype with favourable prognosis with certain
chemotherapeutic regimens (34-36).

We acknowledge there are ongoing studies investigating targeted agents such as the
kinase inhibitors sorafenib and midostaurin with preliminary results that are not included in
the current recommendations. These and other agents currently being studied may have a
role in the future.

As alluded to above, the genetic subtype or profile of AML is very important and
complex diagnostic techniques may be required. Due to the acute nature of the disease,
treatment is often started prior to obtaining all prognostic information. Patient monitoring
and management during treatment is crucial. Patients are often exhibiting hematological

' Favourable [t(8;21)(q22;G22); RUNX1-RUNX1T1; inv(16)(p13.1G22) or t(16;16)(p13.1;q22);
CBFB-MYH11; mutated NPM1 without FLT3-ITD (normal karyotype); mutated CEBPA (normal
karyotype], Intermediate-l [all AML with normal karyotype except those in the favourable
group: mutated NPM1 and FLT3-ITD (normal karyotype); wild-type NPM1 and FLT3-ITD
(normal karyotype); wild-type NPM1 without FLT3-ITD (normal karyotype)], Intermediate-II
[t(9;11)(p22;923); MLLT3-MLL; other cytogenetic abnormalities not classified as favourable or
adverse], or Adverse [inv(3)(q21g26.2) or t(3;3)(q21;926.2); RPN1-EVI1; t(6;9)(p23;934); DEK-
NUP214; t(v;11)(v;q23); MLL rearranged; -5 or del(5q); -7; abnl(17p); complex karyotype].
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effects prior to treatment, and most treatments will have hematological and other toxicities.
Infections are a major cause of early mortality. Improvement in management of infection
and other aspects of supportive care probably accounts for the lower treatment-related
mortality and better survival in more recent studies, even when comparing the same
chemotherapy regimens (37,38). Treatment at specialized centres with appropriate physical
facilities including infection control, and with highly-trained teams including hematologists
and hematopathologists with specialization in AML is essential. Due in part to the above
factors, results of clinical trials by different centres and in different time periods may be
difficult to compare.

RECOMMENDATIONS, KEY EVIDENCE, AND INTERPRETATION OF EVIDENCE

Preamble
After reviewing the literature to arrive at these recommendations there are two important
background issues that will affect their implementation:

1. Fitness or frailty is a key determinant in assessing whether a patient should be offered
induction chemotherapy with curative intent because of the potential toxicity of this
approach. The selection criteria for entry into most of the studies mentioned do not
explicitly address this issue other than age and performance status. In studies
specifying young or elderly patients, the cut-off is often 60 years of age, but 50 to 65
years have been used in some trials. It is becoming clear that age alone is not an
accurate way of determining treatment tolerability and other tools are emerging that
may refine the evaluation of this important factor. These types of studies are either
in progress or in design and will hopefully better define the target population for these
recommendations (1).

2. Due to the complex nature of treatment of AML and the heterogeneous way in which it
is treated in different countries, these recommendations must be considered in the
broader context of the jurisdiction in which the treatments were administered. For
example, comparing the outcomes of different induction regimens may depend on
when bone marrow evaluations were performed to confirm treatment response, and
the number of induction courses that are considered standard (one versus two). Dosing
of agents may also be influenced by the other agents used in the regimen. Similarly,
the outcomes of consolidation regimens may be influenced by the preceding induction
regimen, which is not uniform.
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Question 1. Induction for Previously Untreated AML

Recommendation 1

e (Cytarabine (cytosine arabinoside, AraC) plus an anthracycline (or anthracenedione) is
recommended as standard induction treatment for AML.
e Conventional-dose AraC at 100-200 mg/m?*/day for seven days is recommended
for routine use
e High-dose AraC (HDAC) (1-3 g/m*/day) may be considered in younger patients
and those with poor-risk factors*.
e Idarubicin (IDA), daunorubicin (DNR), and mitoxantrone (MTZ), are the
recommended anthracyclines (anthracenediones) for use with AraC.
« The recommended dose for DNR is 60 mg/m?*/day.
¢ It is recommended that IDA or DNR be administered for three days. Various
regimens with MTZ have been used and are considered acceptable.

*See Preamble above for age considerations and Background for a summary of the European
LeukemiaNet subgroups (2)

Key Evidence for Recommendation 1

e Standard treatment for AML in most countries is a 7+3 regimen, consisting of AraC at
100-200 mg/m?*/day for seven days plus an anthracycline for three days and this is
reflected in other guidelines (2,10,24,26,27,39). While studies summarized in the
literature review (see Table 4-1) used conventional-dose AraC at 100-400 mg/m?/day,
there was insufficient evidence to specify the optimal dose of AraC within this range
and therefore no change in practice is suggested.

e Most trials in this systematic review used an anthracycline for three days, either days
1, 3, and 5 (British and European Organisation for Research and Treatment of Cancer
[EORTC(] trials), days 3 to 5 (German trials), or days 1 to 3 (most others).

e EORTC/GIMEMA AML-12 (40) is the largest and most recent trial studying HDAC. It
found improved CR (78.7% versus 72.0%, p<0.01) with HDAC (3 g/m? every 12 h [q12h])
compared with standard-dose AraC (100 mg/m?/day) in patients age 15 to 60 years
receiving DNR + etoposide. OS was also improved (six-year OS 42.5% versus 38.7%,
p=0.06, p=0.009 adjusted by multivariate analysis), with similar trends for DFS
(overall, 44.7% versus 41.6%, p=0.27, adjusted p=0.08; DFS age <46 years 52.8% versus
46.4%, p=0.07, adjusted p=0.02) and event-free survival (EFS, 43.6% versus 35.1%,
p=0.003 for age <46 years). There was no difference in survival for patients age >46
years (DFS 35.5% versus 35.8%, p=0.73; EFS 26.6% versus 24.8%, p=0.44). Patients with
secondary AML, very-bad-risk cytogenetic abnormalities, and/or FLT3-ITD (internal
tandem duplication) mutation benefited with HDAC. There was no difference in
induction deaths or non-hematologic toxicities (except conjunctivitis). Older trials
found increased adverse events with HDAC, especially in older patients. More recent
trials found neither benefit nor increased risk in elderly patients.

e ECOG E1900 (41-43) and Lee et al (44) compared DNR at 90 mg/m?/day and 45
mg/m?/day in patients age <60 years, while the HOVON 43 (45,46) made this
comparison in patients age >60 years. These RCTs found the higher dose improved
response rate (70.6% versus 57.3%, p<0.001; 82.5% versus 72.0%, p=0.014; 54% versus
54%, p=0.002) and survival (median 23.7 m versus 15.7 months, p=0.001; five-year OS
46.8% versus 34.6%, p=0.030; two-year OS 31% versus 26%, p=0.16 but p=0.001 for age
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60-65 subgroup).

National Cancer Research Institute (NCRI) AML17 (47) found no benefit in using DNR at
90 mg/m?/day compared with 60 mg/m*/day as there were no difference in CR (73%
versus 75%), two-year OS (59% versus 60%), or two-year recurrence-free survival (RFS)
(51% versus 48%). Furthermore, the trial was closed early due to higher 60-day
mortality with 90 mg/m?/day DNR (10% versus 5%, p=0.001). The study was initially
powered to detect differences in five-year DFS and these data are not yet available.

DNR is the most studied and commonly used anthracycline for AML induction.

A recent mixed-treatment comparison meta-analysis (48) including both direct and
indirect effects found higher CR and OS with IDA compared with conventional-dose
DNR (defined as cumulative dose of 90-180 mg/m® per cycle), but no significant
difference between IDA and high-dose DNR (based on only two trials).

A meta-analysis performed as part of this systematic review found that IDA compared
with DNR resulted in higher rates of CR (odds ratio [OR]=0.80, 95% confidence interval
0.70-0.93, p=0.003), with IDA better compared with either standard or high-dose DNR.
IDA was also found to result in better OS (hazard ratio [HR]=0.91, confidence interval
0.84-0.98, p=0.009), although the difference in the subset of studies using higher-dose
DNR was not significant (HR=0.92, confidence interval 0.82-1.05, p=0.14). The
EORTC/GIMEMA AML-10 trial (49) used AraC + etoposide in both arms; with this
combination there was no difference in CR between IDA and DNR (66.9% versus 68.7%,
p=0.49). Reports of differences in adverse events between IDA and DNR are
inconsistent. Three trials (GIMEMA (50), JALSG AML201 (51), and Rubio Borja (52))
found higher rates of early deaths with IDA (38% versus 22%, 4.7% versus 2.1%, and 30%
versus 20%), while ALFA-9803 (9% versus 10%) (53) and EORTC/GIMEMA AML-10 (3.3%
versus 3.2%) (49), which was the largest trial, did not.

Meta-analysis of studies comparing MTZ and DNR (mostly 45 mg/m?/day) found better
CR with MTZ (OR=0.72, p=0.002 for studies without confounding agents). No
significant differences in survival were reported and there were no consistent
differences in adverse events. There were no studies comparing MTZ with doses of
DNR >50 mg/m?/day.

Results of a small number of trials suggest that aclarubicin (ACR) may be an
alternative to DNR. The Danish Society of Hematology Study Group on AML (54,55)
reported a higher CR rate with ACR + AraC compared with DNR + AraC (DA) in patients
up to age 60 years (CR 66% versus 50%, p=0.043), with similar rates of survival (four-
year OS 29% versus 20%, p=0.26, ten-year OS 24% versus 16%, p not significant [ns]).
Jin et al (56) found both HAA (homoharringtonine + AraC + ACR) and HAD
(homoharringtonine + AraC+ DNR) superior to DA, with stronger benefit for HAA (CR
73% HAA, 67% HAD, 61% DA; p=0.011 HAA versus DA, p=0.20 HAD versus DA, p=0.22
HAA versus HAD; for three-year EFS and three-year RFS HAA and HAD were better than
DA alone). ACR and DNR were not directly compared.

Interpretation of Evidence for Recommendation 1

The Working Group concluded there was no evidence to suggest that other treatments
were better than standard treatment with AraC plus an anthracycline, and that the
beneficial and adverse effects of DNR, IDA, and MTZ were comparable; any of these is
an acceptable choice.

The Working Group acknowledged that HDAC may have a role for specific subgroups of
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patients but carries a risk of increased toxicity and should not be used routinely.
Adverse events are more frequent at higher doses, and HDAC at 6 g/m’/day was
considered too toxic to include in the recommendation.

Direct comparison of DNR at 60 mg/m?/day and 45 mg/m?*/day is limited, however
indirect comparison (see Key Evidence) of other doses suggests 60 mg/m?/day is
better. While both 45 mg/m?/day and 60 mg/m?/day were used many of the trials,
the authors consider 45 mg/m?/day to be too low and patients would be undertreated.

The data suggest outcomes with MTZ and IDA are better than DNR at 45 mg/m?*/day.
IDA resulted in better CR but not OS compared with DNR at 60 mg/m?. MTZ was not
compared with DNR at higher doses, and the doses tested are now considered sub-
optimal. While there was not complete consensus, overall the authors believed the
evidence was not sufficient to recommend either IDA or MTZ over DNR at the
recommended DNR dose of 60 mg/m?/day and all are acceptable. There may be
differences in cost and eligibility criteria for clinical trials that would influence the
selection for specific patients.

There is evidence for use of ACR; however, the Working Group considered it
insufficient to make a recommendation at this time.

Recommendation 2

Addition of gemtuzumab ozogamicin (GO) at 3 mg/m?* to 7+3 regimens is recommended.

Qualifying Statements for Recommendation 2

Increase in veno-occlusive disease (more recently designated sinusoidal obstructive
syndrome [SOS]) has been reported with GO at 6 mg/m?* (3,4). This was not evident
with doses at 3 mg/m?.  The risk of SOS needs to be weighed against the benefit of
receiving GO in patients who are destined to receive an allogeneic cell transplant.

While the ALFA-0701 trial (5) suggested greater benefit in patients with
cytogenetically normal or with favourable/intermediate genetics, there was
insufficient evidence to restrict the recommendation based on cytogenetics or other
defined subgroups.

While evidence indicates GO may improve OS and RFS, it is currently not approved for
use in Canada.

Key Evidence for Recommendation 2

Meta-analysis found that survival benefit was significant for patients with favourable
and intermediate cytogenetics (five-year OS 77.5% versus 55.0%, p=0.0006 and 40.7%
versus 35.5%, p=0.005, respectively) and unclear for adverse cytogenetics (six-year OS
9.1% versus 7.9%, p=0.9) (57).

Meta-analysis indicated that GO did not influence CR (see (57) and Systematic Review
Figure 4-7).

Published meta-analyses based on data from the Medical Research Council (MRC)
AML15 and NCRI AML16 trials found GO at 3 mg/m? on day 1 resulted in improved 0S
and RFS (57-59). The ALFA-0701 trial administered GO at 3 mg/m? (maximum dose
5 mg) on days 1, 4, and 7 and found three-year EFS benefit (31% versus 19%, p=0.0026)
and two-year OS benefit (53.2% versus 41.9%, p=0.0368) although with longer follow-
up the OS difference was no longer significant (three-year OS 44% versus 36%, p=0.18)
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(5,60,61).

e The NCRI AML17 found GO at 6 mg/m? (day 1) resulted in no CR or survival benefit
compared with GO at 3 mg/m?* (CR 91.6% versus 86.5%, ns; three-year OS 53% versus
48%, ns) and resulted in higher 30-day and 60-day mortality (7% versus 3%, p=0.02 and
9% versus 5%, p=0.01 respectively) and other adverse events (62). SOS occurred with
6 mg/m? but not 3 mg/m?* GO.

e GO at 6 mg/m* added to other chemotherapy resulted in higher rates of early deaths
compared with control arms in all trials using this dose (3,63,64).

Interpretation of Evidence for Recommendation 2

e The Working Group concluded that the OS and RFS benefits outweighed the adverse
events (early death) at 3 mg/m? but not 6 mg/m?.

o While the magnitude of benefit was greater in subgroups with favourable or
intermediate cytogenetics, benefit was found in the overall population. The evidence
was considered insufficient to exclude patients with adverse cytogenetics and
therefore the recommendation is not based on cytogenetic risk category.

Recommendation 3

The purine analogues cladribine, fludarabine, and clofarabine cannot be recommended for
routine use at this time.

There may be a role in relapsed/refractory AML (see Question 3).

Qualifying Statements for Recommendation 3

e Some fludarabine regimens have been found effective but not directly compared with
the same regimens without fludarabine, nor to standard 3+7 treatment. The MRC
AML15 trial (6,7) and Russo et al (8,9) found benefit of FLAG-IDA (fludarabine + AraC +
granulocyte colony-stimulating factor [GCSF] + IDA) and FLAI (fludarabine + AraC +
IDA), respectively. The fludarabine arms contained high-dose AraC and the control
arms used standard-dose AraC. The relative effect of AraC dose and fludarabine in
these trials is unknown.

e FLAG is among the regimens recommended by NCCN (10) for relapsed/refractory AML
based on non-randomized trials. A small Chinese study of induction (11) found FLAG
(fludarabine + AraC +GCSF) and IDA + AraC to result in similar CR. While evidence
from the literature review is considered insufficient to make a recommendation, FLAG
may be an option in cases where an anthracycline is contraindicated.

Key Evidence for Recommendation 3

e The Polish Adult Leukemia Group (PALG) (65) compared DA + cladribine with DA and
found improved CR (62% versus 51%, p=0.02 for one course; 68% versus 56%, p=0.01 for
two courses) and three-year OS (45% versus 33%, p=0.02), with no significant
difference in adverse events.

e Juliusson et al (66) added cladribine to AraC + IDA. The cladribine arm had better CR
after one cycle (51% versus 35%, p=0.014 after one course; 63% versus 60% after two
courses), and no difference in adverse events. The trial was too small to measure
differences in survival outcomes.

e In the PALG study (65), cladribine improved CR and survival when added to AraC +
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DNR, whereas benefits with fludarabine were not statistically significant (CR 59%
fludarabine + DA versus 56% DA, p=0.47; three-year OS 35% versus 33%, p=0.98).

e Two trials published as abstracts suggest clofarabine may be of benefit. Clofarabine +
DNR resulted in similar outcomes to AraC (100 mg/m? q12h) + DNR in the NCRI AML16
trial (67). The EORTC/Gimema AML-14A trial (68) found 84% response rate (CR +
complete remission with incomplete recovery [Cri]) for clofarabine added to AraC +
IDA in patients with intermediate/bad-risk AML. Confirming evidence from full
publications of the NCRI AML16 or other trials is required.

Interpretation of Evidence for Recommendation 3

e Cladribine, fludarabine, and clofarabine have shown to be of benefit in some trials,
but the evidence is not sufficient to make any recommendations.

e While the PALG trial is of much interest and suggests additional benefit for cladribine,
there has been controversy about the results. The authors are aware of unpublished
results of additional studies that were not able to confirm the PALG observation. The
validity of the PALG results is currently being examined in ongoing studies.

Recommendation 4

e Addition of etoposide to AraC plus DNR induction is not recommended.

Key Evidence for Recommendation 4

e The MRC AML11 trial (69) compared DNR + AraC + etoposide (ADE) with DNR + AraC +
thioguanine (DAT) in patients age >55 years (changed to age >60 years in the later part
of study) and found five-year OS better with DAT than with ADE (12% versus 8%,
p=0.02). Other trials did not deal specifically with older patients.

e The MRC trials AML10 (70) and AML15 (6,7) were the largest trials examining etoposide
and found no survival difference with its addition but more grade 3 and 4
gastrointestinal toxicity. The AML15 trial found higher response with ADE compared
with DA (CR+CRi after one cycle, 70% ADE versus 63% DA, p=0.002; CR, 82% ADE versus
78% DA, p=0.06).

e Several other trials (see systematic review Table 4-8) varied multiple components in
the treatment arms such that the effect of etoposide could not be evaluated.

Interpretation of Evidence for Recommendation 4

While etoposide may have a small benefit on response rates, this did not translate to
improved survival. Trials have not shown sufficient benefit to warrant routine use.

Recommendation 5

¢ Induction chemotherapy adjuvants such as colony stimulating factor (CSF) (GCSF or
granulocyte-macrophage [GM]-CSF), interleukin-11, or multidrug resistance modulators
such as cyclosporine A, PSC-833 (valspodar), and zosuquidar are not recommended.

Key Evidence for Recommendation 5

e Meta-analysis by Sung et al (71) concluded CSF priming should not be used in routine
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clinical care. Meta-analysis by Heuser et al (72) concluded CSF administered
concurrently or after chemotherapy did not improve CR, DFS/EFS, or OS.

¢ Interleukin-11 was not found to have CR or survival benefit (73).

o While cyclosporine A was found to have benefit in the Hellenic trial (74) and SWOG
9126 trial (75), these trials were small and included narrow subgroups of patients.
Later studies with more specific inhibitors of drug efflux such as PCS-833 (valspodar)
(76-80) and zosuzuidar (81) did not confirm these results.

Interpretation of Evidence for Recommendation 5

¢ The meta-analysis provides high quality evidence against the routine use of CSF as part
of induction chemotherapy. CSF may have a role for supportive care during or
subsequent to treatment. This use is outside the scope of the current guideline.
Evidence for use of other chemotherapy adjuvants was considered weak and
insufficient to justify their routine use for induction therapy.

Question 2. Post-Remission Treatment

It is considered standard practice to give consolidation treatment to patients who
achieve CR after induction treatment. Transplantation was outside the scope of the review
and other guidelines should be consulted concerning appropriate selection of patients for
transplant. All patients that may be transplant candidates should receive early referral to a
transplant centre. While transplant may take place immediately after induction (without any
consolidation), due to delays prior to transplant, most patients scheduled for transplant will
receive consolidation treatment.

Recommendation 6

Two or three courses of consolidation are recommended.

Qualifying Statements for Recommendation 6

e Regimens for consolidation may be the same as used for induction and the distinction
between these two phases of treatment is sometimes somewhat arbitrary. The total
number of courses of induction plus consolidation combined may be the most
important consideration.

Key Evidence for Recommendation 6

¢ MRC AML14 trial found that there was no difference between one and two courses of
consolidation after two courses DA induction (76,77).

e The GOELAM BGMT-95 trial found no difference between one course of consolidation
with standard-dose AraC + IDA (same as induction) or with this consolidation followed
by a cycle of HDAC, with both groups receiving maintenance (82,83). Patients had
received one planned course of induction, with an additional course given to patients
that had not achieved CR.

e Elonen et al found no difference between two cycles induction plus two cycles
consolidation including HDAC and the same regimen with four additional cycles of
consolidation (84).

e The MRC AML11 trial found no difference between two courses induction with followed
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by either one or four courses consolidation (69). Induction had been randomized to
either DAT [DNR + AraC + thioguanine], ADE [AraC + DNR + etoposide], or MAC [MTZ +
AraC].

Interpretation of Evidence for Recommendation 6

e Additional cycles of consolidation increase the cost and the incidence of adverse
events (including death) and this must be balanced with any survival benefit. While
the optimal number of cycles is not determined and likely depends on both the
induction and consolidation regimens used, there is no evidence to support routine use
of more than three cycles of consolidation. In most trials patients received two
courses of induction and one to four courses of consolidation. Adverse events
including death increase with additional cycles, and the studies summarized in Key
Evidence found no benefit to using more than one or two courses consolidation. One to
two courses of consolidation is standard practice in many institutions. However, the
SWOG protocol is to give three cycles consolidation after a single induction with DNR +
AraC; as evidence was not found showing that outcomes are either better or worse
using the SWOG protocol, the Working Group believed the recommendation needed to
be broad enough to include this practice.

Recommendation 7

e For patients with CBF-AML receiving consolidation with AraC alone, HDAC at 1-3
g/m?/day is recommended. HDAC may be considered for other patients.

e Patients with CBF-AML should receive three cycles of consolidation, of which at least
two contain HDAC.

Qualifying Statements for Recommendation 7

e HDAC at 1-3 g/m?/day is considered appropriate; however, there is insufficient
evidence to recommend an optimal dose within this range.

e The benefit of HDAC is greatest for CBF-AML. The relative benefit of HDAC compared
with adverse effects is less clear for other subtypes of AML.

Key Evidence for Recommendation 7

e HDAC (1-3 g/m? q12h) resulted in better survival outcomes compared with standard-
dose AraC (100-400 mg/m?/day) but with more adverse events in some trials (34,85).

e The Cancer and Leukemia Group B (CALGB) 8525 trial (34,35) compared four courses
consolidation with AraC at 100 mg/m?*/day, 400 mg/m*/day, and 3 g/m? q12h. There
was a dose-response relationship, with HDAC resulting in best OS and DFS for patients
age <60 years, while there was no difference between doses for patients age >60
years. The majority (71%) of patients age >60 years could not tolerate the high dose
and 32% of this group had serious central nervous system abnormalities. The benefit
of HDAC regarding continuous CR at five years was significant for CBF-AML and normal
karyotype AML; it was less clear for other subtypes (21% HDAC versus 13% low-dose
AraC). Patients administered HDAC required more hospitalization and more courses
required platelet transfusion.

e Recent induction trials (see Recommendation 1) did not find unacceptable adverse
events with HDAC.
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e The MRC AML15 trial (6,7) found no statistically significant OS and RFS benefit with
AraC at 3 g/m” q12 h (days 1, 3, and 5) compared with 1.5 g/m* q12h (days1, 3, and 5)
(OS 53% versus 47%, p=0.6, RFS 42% versus 34%, p=0.06). There were modest
differences in hematologic toxicity but more supportive care and hospitalization with
the higher dose.

¢ In studies where AraC was given together with anthracycline, the effect of AraC dose
was inconsistent. The JALSG AML201 trial compared HDAC at 2 g/m* q12h to standard-
dose combination chemotherapy with AraC at 100 mg/m?/day (four courses: MTZ +
AraC, DNR + AraC, ACR + AraC, etoposide + vindesine + AraC) (86). They found both
were tolerated with no OS difference, although HDAC resulted in better DFS in the
subgroup with favourable cytogenetics) (86).

Interpretation of Evidence for Recommendation 7

e The Working Group believed the benefits of HDAC outweighed the harm associated
with it, especially for patients with CBF-AML. Although some trials found more adverse
events with HDAC compared with AraC, more recent induction trials did not find
unacceptable adverse events with HDAC. These later trials are judged to include
better patient management including supportive care and are more applicable to
current practice.

Recommendation 8

e HDAC or standard-dose AraC may be used in combination chemotherapy. Standard-
dose combination chemotherapy should be considered for patients determined to be
unsuitable for HDAC consolidation.

Qualifying Statements for Recommendation 8

o Effectiveness may be influenced by age and/or prior treatment.
e There is insufficient evidence to recommend an optimal dose of HDAC.
e The benefit of adding anthracycline to HDAC is unclear.

Key Evidence for Recommendation 8

e The JALSG AML201 trial compared three courses of HDAC at 2 g/m’? q12h to four
courses of standard-dose AraC at 100 mg/m’/day, each combined with different
agents (MTZ, DNR, ACR, etoposide + vindesine) (86). They found both were tolerated
with no overall survival difference, although HDAC resulted in better DFS in the
subgroup with favourable cytogenetics.

e The Australasian LLG AML7 trial (87) found that for patients with ICE induction (AraC
[3 g/m* q12h, days 1, 3, 5, 7] + IDA [9 mg/m*/day, days 1 to 3] + etoposide [75
mg/m?/day, days 1 to 7]) there was no addition benefit to consolidation with one
cycle ICE compared with an attenuated regimen with two cycles of standard AraC (100
mg/m?/day, five days) + IDA (two days) + etoposide (five days).

e A trial by the SAKK found one course of HDAC (3 g/m’? q12h) given with DNR (45
mg/m?/day) resulted in better four-year 0S, (45% versus 34%, p=0.07), as well as DFS
and EFS, compared with AraC at 100 mg/m?/day plus DNR in patients age 15 to 65
years (85). There were more grade 3 adverse events with HDAC (58% versus 21%).

Section 2: Guideline - February 2, 2016 Page 17




Guideline 12-9 REQUIRES UPDATING

Results were similar to those for OS and DFS in the CALGB 8525 trial (34,35) in which
four courses HDAC but without anthracycline was administered. These trials suggest
anthracycline provides no additional benefit with multiple cycles of HDAC; however, it
is unclear whether there is benefit for inclusion with a single cycle of consolidation.

e SAL AMLY96 (88) found no difference between AraC at 1 g/m* q12h compared with
3 g/m?* q12h, both given with MTZ.

e An abstract of the NCRI AML16 trial (67) reported no difference in OS or RFS with AraC
(100 mg/m* q12h) + DNR (50 mg/m?*/day) versus no consolidation in older patients
(most age >60 years). However, these patients had received two cycles of the same
regimen (with longer cycle duration) for induction.

e The MRC AML15 trial (7) found MACE->MidAC* resulted in outcomes similar to HDAC
alone (OS 52% versus 52%, RFS 41% versus 40%) although with more adverse events.
Subgroup analysis found a strong survival benefit for MACE->MidAC in patients with
high-risk disease/unfavourable cytogenetics (OS 39% versus 0%, p=0.0004); however,
this important result is based on only 54 patients and needs to be confirmed.

*MACE: AMSA (100 mg/m?/day, days 1 to 5) + AraC (200 mg/m?/day, continuous
infusion days 1 to 5) + etoposide (100 mg/m?/day, days 1 to 5) > MidAC: MTZ (10
mg/m?/day slow iv days 1 to 5) + AraC (1 g/m? by 2h iv infusion q12h, days 1 to 3).

e The German SAL AML 2003 (89) and CALGB 9222 (90) trials found multi-agent regimens
including HDAC did not improve outcome and had more adverse events than HDAC
alone.

Interpretation of Evidence for Recommendation 8

e Trials suggest that both standard-dose AraC with anthracycline and HDAC with or
without anthracycline are effective. The relative benefit may be influenced by number
of courses received, induction therapy received, and disease cytogenetics. One course
HDAC + DNR was found to be better than one course standard-dose AraC + DNR, but
one cycle ICE (with HDAC) was similar to two cycles of attenuated ICE (with 100
mg/m?/day AraC). The Working Group considered the evidence insufficient to
recommend a specific AraC dose or regimen.

e Complex regimens adding several agents to AraC + anthracycline or using non-
anthracycline regimens were found to have no or very little additional benefit and
usually more adverse events. The added complexity of administration and patient
management was judged to greatly outweigh any benefit.

Recommendation 9

e There is insufficient evidence to make any recommendations for or against the use of
maintenance chemotherapy in patients who received consolidation therapy.

¢ Use of maintenance treatment alone is not routine, but may be considered for those
unable to tolerate consolidation.

Qualifying Statements for Recommendation 9

e We did not consider there to be sufficient evidence to make a recommendation at this
time. Based on past experience there is no evidence maintenance therapy after
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consolidation is useful as it currently exists; however, there are ongoing studies
examining this issue (see Table 4-17). Ongoing trials with new drugs with different
mechanisms of action and targeted therapy may find a benefit.

Key Evidence for Recommendation 9

e Trials evaluating maintenance therapy with interleukin-2 alone found small and
inconsistent effects. The MP-MA-0201 trial (91-94) found improved leukemia-free
survival (LFS) (six-year LFS 30% versus 22%, p=0.015) for patients in first CR receiving
interleukin-2 plus histamine dihydrochloride compared with no maintenance. LFS and
OS were not improved for patients in subsequent CR.

Interpretation of Evidence for Recommendation 9

e Several trials studied various maintenance regimens; however results are weak or
inconsistent and are insufficient to make specific recommendations on maintenance
regimens.

e As indicated in the preamble to this question, consolidation therapy is considered
standard practice for patients who can tolerate it. The question of how to treat
patients in CR but who are judged not suitable for consolidation treatment was not
specifically addressed by the studies in the literature review.

Question 3. Relapsed or Refractory AML

While the intent in the treatment of relapsed or refractory AML is to allow subsequent
transplant for responding patients, the decisions regarding transplant eligibility and
procedures are beyond the scope of this document. The Program in Evidence-Based
Care/Cancer Care Ontario report on Stem Cell Transplant (12) and recent provincial
guidelines should be consulted. All patients that may be transplant candidates should receive
early referral to a transplant centre.

Recommendation 10

» For patients with refractory disease or relapse, a more intensive or non-cross-resistant
treatment is recommended. The following list is not meant to be inclusive of all
reasonable therapies, but highlights a few with good response in the included RCTs:

e HDAC + MTZ
e AraC (500 mg/m?*/day continuous infusion)* + MTZ + etoposide + GM-CSF
e AraC (100 mg/m? q12h) + DNR + etoposide
e Low-dose CAG: AraC (10 mg/m* q12h) + ACR + GCSF + etoposide
*See qualifying statement regarding dose

e Clofarabine, fludarabine (FLAG, FLAG-IDA), and cladribine regimens should be
considered when alternative or additional agents are required.

Qualifying Statements for Recommendation 10

e There is no clear consensus about the length of CR duration that indicates re-
treatment with the same induction chemotherapy would be as effective as an
alternate regime. The NCCN suggests CR duration of >12 months (10), while others
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use two to five years, or never. It has been suggested that AML recurring after a long
CR may actually be new disease. With more detailed characterization of the genetic
architecture of AML this distinction may become more evident in the near future. Re-
treating with an ineffective regimen delays effective treatment while increasing risk
of adverse events and treatment-related mortality.

FLAG is among the regimens recommended by NCCN (10) for relapsed/refractory AML
based on non-randomized trials (13). While evidence from the literature review is
considered insufficient to make a recommendation, FLAG may be an option in cases
where an anthracycline is contraindicated.

AraC at 1 g/m*/day or 1.5 g/m?/day has also been widely used (e.g., (14-16)) but not
directly compared. Several trials, both randomized and retrospective, report a large
variation in response rates (17-22).

A small case-series reported experience using high-dose etoposide and
cyclophosphamide with modest benefit (23), although evidence appears weak.

Key Evidence for Recommendation 10

Most information exists for use of the anthracyclines MTZ and DNR.

Low-dose CAG (AraC at 10 mg/m?* q12h + ACR + GCSF) + etoposide gave better CR than
CAG alone (71% versus 51%, p=0.0002) while five-year OS was similar (27% versus 24%)
(95). It was not compared with other regimens such as standard-dose AraC with MTZ
or DNR and, therefore, relative effectiveness is uncertain (95).

Most trials used etoposide; however, other than for low-dose CAG, studies evaluating
the role of etoposide when added to AraC + anthracycline have not been reported.
Etoposide added to HDAC had marginal benefit but increased adverse events in a
SECSG study (96).

The following regimens have been found effective, but were not compared with
standard treatment and therefore the evidence is not sufficient to recommend a
particular regimen. The evidence summarized for Question 2 found HDAC to be more
effective than standard-dose AraC in consolidation therapy for de novo AML.

e HDAC (3 g/m*/day) + MTZ: CR of 58% and median survival of 12 months in a trial by
Martiat et al (97)

e HDAC (3 g/m* q12h as a 3-hour infusion, days 1,2,8,9) + MTZ compared with HDAC
(1 g/m?) + MTZ in patients age <60 years: higher CR (52% versus 45%, p=0.01) but
more early deaths in a German AMLCG study (98)

e AraC (500 mg/m*/day continuous infusion) + MTZ + etoposide + GM-CSF: CR 65%
versus 59% (51% versus 46% refractory, 89% versus 81% relapsed) in the EMA91 trial
(99)

e AraC (100 mg/m? q12h) + DNR + etoposide (ADE): 54% CR, three-year 0OS 12%,
three-year DFS 22% in the UK MRC AML-R trial (100) and 63% CR, four-year OS 27%,
four-year DFS 29% in the UK MRC AML-HR trial (101)

e Low-dose CAG: AraC (10 mg/m* q12h) + ACR + GCSF + etoposide: CR 71% versus
51%, five-year OS 27% versus 24% (95)

In the Classic | trial (102), clofarabine (40 mg/m?/day for five days) + AraC
(1 g/m?/day for 5 days) compared with AraC alone improved CR rate (35.2% versus
17.8%, p<0.01) and EFS but not OS, with higher rates of serious adverse events (60%

Section 2: Guideline - February 2, 2016 Page 20




Guideline 12-9 REQUIRES UPDATING

versus 49%, primarily infections and deaths). In a non-randomized trial (103),
clofarabine + HDAC (2 g/m*/day) after GCSF priming resulted in a CR rate of 46% and
median OS of nine months. Treatment-related mortality was 12%, with all cases due
to infections.

e The German AMLCG trial (104) found fludarabine added to AraC + IDA resulted in small
improvements in CR (44% versus 35%, ns), median time to treatment failure (3.4
months versus 2.0 months, p<0.05), non-response rate (26% versus 37%, p=0.054
overall; 24% versus 40%, p<0.05 age <60 years). A non-randomized trial (13) is the
basis of the NCCN (10) recommendation for fludarabine use.

e Two MD Anderson trials (105,106) [abstracts only] compared clofarabine and
fludarabine when added to IDA + AraC. CR was 43% versus 30% (ns) in the first trial and
32% versus 25% in the second trial (ongoing). Clofarabine resulted in worse four-week
mortality (16% versus 4%), and possibly more infections (47% versus 35%, ns), but less
grade 3 and 4 toxicities in survivors.

e C(Cladribine used in the regimen cladribine + AraC +GCSF + MTZ or IDA has been
recommended by the NCCN (10) based on non-randomized trials (107,108). Cladribine
use is supported by the review by Robak and Wierzbowska (109), as well as trials in de
novo AML patients as reviewed in Question 1 (65,66).

Interpretation of Evidence for Recommendation 10

e Because trials did not compare the experimental arm to a standard regimen the
Working Group was unable to conclude that one regimen was superior. Those listed
appear to be the most effective in this context based on the literature review and may
be considered for initial use. As mentioned in the discussion for post-remission
therapy in Question 2, appropriate selection depends on prior therapy.

Question 4. Which patient characteristics are most important when making treatment
decisions?

During the planning stages of the systematic review it was decided to focus on RCTs,
while acknowledging that RCTs might not provide the best source of evidence on patient
characteristics. Some treatments were found to be of benefit in only a subset of patients
(age, cytogenetic risk or subtype); however, the trials were usually not powered to detect
differences in subgroups. The RCTs were not designed to directly determine which of these
factors should guide treatment. The accompanying literature review, while commenting on
some characteristics related to treatment, was not sufficient to address this question and no
recommendations are being made. Several guidelines on treatment of AML have included
sections on patient factors including age, comorbidities, cytogenetic abnormalities and
associated risk category, and response to previous treatment. The most recent are the NNCN
guideline (10), the Canadian consensus guideline for older patients (24), and the ESMO
guideline for diagnosis, treatment, and follow-up (25). Older but comprehensive
management guidelines from Britain (26), Italy (27), and the European LeukemiaNet (2) are
also relevant. The reader is referred to these documents for further details. Some of this
information may arise from studies that are currently ongoing.

IMPLEMENTATION CONSIDERATIONS
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While evidence indicates GO may improve OS and RFS, it is currently not approved for
use in Canada.

RELATED GUIDELINES

o Zaretsky Y, Crump M, Haynes AE, Stevens A, Imrie K, Meyer RM, Hematology Disease
Site Group. Treatment of acute myeloid leukemia in older patients. Toronto (ON):
Cancer Care Ontario; 2008 Dec 18 [ARCHIVED 2013 Nov]. Program in Evidence-based
Care Evidence-based Series No.: 6-14 ARCHIVED 2013.

e Kouroukis CT, Rumble RB, Walker I, Bredeson C, A. S. Stem cell transplantation in
myelodysplastic syndromes and acute myeloid leukemia. PEBC recommendation

report SCT-3. 2012 [cited 2014 Oct 16]: Available from:
https://https: //www.cancercareontario.ca/en/guidelines-advice/types-of-
cancer/976.
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Systemic Treatment of Acute Myeloid Leukemia (AML)

Section 3: Guideline Methods Overview

This section summarizes the methods used to create the guideline. For the
systematic review, see Section 4.

THE PROGRAM IN EVIDENCE-BASED CARE

The Program in Evidence-Based Care (PEBC) is an initiative of the Ontario provincial
cancer system, Cancer Care Ontario (CCO). The PEBC mandate is to improve the lives of
Ontarians affected by cancer through the development, dissemination, and evaluation of
evidence-based products designed to facilitate clinical, planning, and policy decisions about
cancer control.

The PEBC supports the work of Guideline Development Groups (GDGs) in the
development of various PEBC products. The GDGs are composed of clinicians, other
healthcare providers and decision makers, methodologists, and community representatives
from across the province.

The PEBC is a provincial initiative of CCO supported by the Ontario Ministry of Health
and Long-Term Care (OMHLTC). All work produced by the PEBC is editorially independent
from the OMHLTC.

JUSTIFICATION FOR GUIDELINE

While commonly used induction therapies lead to remission in a substantial portion of
AML patients, long-term survival is poor. Mortality due to induction is high with some
regimens. The choice of subsequent consolidation and maintenance therapy is less clear and
there appears to be no consensus on which regimens to use. For patients whose disease is
refractory to initial induction or who later relapse, there is also no standard. Many trials in
patients with AML have been published and it was the goal to determine whether there was
sufficient evidence to recommend standardization of treatment in the various disease stages
overall or for specific subgroups of patients in order to improve response and survival.

GUIDELINE DEVELOPERS

This guideline was developed by the Systemic Treatment of Acute Myeloid Leukemia
GDG (Appendix 1), which was convened at the request of the Systemic Treatment Group of
cco.

The project was led by a small Working Group of the Systemic Treatment of Acute
Myeloid Leukemia GDG, which was responsible for reviewing the evidence base, drafting the
guideline recommendations, and responding to comments received during the document
review process. The Working Group had expertise in acute leukemia and health research
methodology. Other members of the Systemic Treatment of Acute Myeloid Leukemia GDG
served as the Expert Panel and were responsible for the review and approval of the draft
document produced by the Working Group. Conflict of interest declarations for all GDG
members are summarized in Appendix 2, and were managed in accordance with the PEBC
Conflict of Interest Policy
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GUIDELINE DEVELOPMENT METHODS

The PEBC produces evidence-based and evidence-informed guidance documents using
the methods of the Practice Guidelines Development Cycle (110,111). This process includes a
systematic review, interpretation of the evidence, and draft recommendations by the
Working Group; internal review by content and methodology experts; and external review by
Ontario clinicians and other stakeholders.

The PEBC uses the AGREE Il framework (112) as a methodological strategy for guideline
development. AGREE Il is a 23-item validated tool that is designed to assess the
methodological rigour and transparency of guideline development.

The currency of each document is ensured through periodic review and evaluation of
the scientific literature and, where appropriate, the addition of newer literature to the
original evidence-base. This is described in the PEBC Document Assessment and Review
Protocol. PEBC guideline recommendations are based on clinical evidence, and not on
feasibility of implementation; however, a list of implementation considerations such as costs,
human resources, and unique requirements for special or disadvantaged populations is
provided along with the recommendations for information purposes. PEBC guideline
development methods are described in more detail in the PEBC Handbook and the PEBC
Methods Handbook.

SEARCH FOR EXISTING GUIDELINES

A search for existing guidelines is generally undertaken prior to searching for existing
systematic reviews or primary literature. This is done with the goal of identifying existing
guidelines for adaptation or endorsement in order to avoid the duplication of guideline
development efforts across jurisdictions. For this project, the following databases were
searched for existing guidelines that addressed the research questions: SAGE Directory of
Cancer Guidelines, National Guideline Clearing House, and the Canadian Medical Association
(CMA) Infobase. Websites of the following guideline developers were also searched:
European Leukemia Net, European Hematology Association, National Institute for Health and
Care Excellence (NICE) (UK), Scottish Intercollegiate Guidelines Network (SIGN) (UK),
American Society for Clinical Oncology (ASCO) (US), National Comprehensive Cancer Network
(NCCN) (US), National Health and Medical Research Council (Australia), and the New Zealand
Guidelines Group. MEDLINE and Embase were searched for guidelines for the period 1990 to
October 17, 2014 (see Appendix 3). Guidelines were considered as potentially relevant if they
were based on a systematic review and were on the topic of systemic treatment of AML in
adults. A search for existing guidelines for adaptation or endorsement did not yield an
appropriate source document for the full project, although existing guidelines would be
referred to especially for the final question dealing with patients characteristics influencing
treatment decisions. A search of the primary literature was required (see Section 4 Evidence
Review).

GUIDELINE REVIEW AND APPROVAL

Internal Review

For the guideline document to be approved, 75% of the content experts who comprise
the GDG Expert Panel must cast a vote indicating whether or not they approve the document,
or abstain from voting for a specified reason, and of those that vote, 75% must approve the
document. In addition, the PEBC Report Approval Panel (RAP), a three-person panel with
methodology expertise, must unanimously approve the document. The Expert Panel and RAP
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members may specify that approval is conditional, and that changes to the document are
required. If substantial changes are subsequently made to the recommendations during
external review, then the revised draft must be resubmitted for approval by RAP and the GDG
Expert Panel.

External Review

Feedback on the approved draft guideline is obtained from content experts and the
target users through two processes. Through the Targeted Peer Review, several individuals
with content expertise are identified by the GDG and asked to review and provide feedback
on the guideline document. Through Professional Consultation, relevant care providers and
other potential users of the guideline are contacted and asked to provide feedback on the
guideline recommendations through a brief online survey. This consultation is intended to
facilitate the dissemination of the final guidance report to Ontario practitioners.
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Section 4: Systematic Review

INTRODUCTION

Acute myeloid leukemia (AML) has an incidence rate in Canada of 3.6 cases/100,000
(2010 data; Canadian Cancer Society, http://www.cancer.ca/en/cancer-information/cancer-
type/leukemia-acute-myelogenous-aml/statistics/?region=on) and 4.0/100,000 in the United
States (2008 to 2010, National Cancer Institute, seer.cancer.gov/statfacts/html/amyl.html).
Incidence increases with age, while survival decreases.

The Working Group of the Systemic Treatment of Acute Myeloid Leukemia Guideline
Group developed this evidentiary base to inform recommendations as part of a clinical
practice guideline. Based on the objectives of this guideline (Section 2), the Working Group
derived the research questions outlined below.

RESEARCH QUESTIONS
1. What is the most effective systemic induction treatment for adults with previously
untreated AML who can tolerate intensive treatment?

2. What is the most effective systemic post-remission treatment (consolidation and/or
maintenance, excluding stem cell transplant) for adults with previously untreated AML?

3. What is the most effective systemic treatment (reinduction, consolidation, maintenance;
not including stem cell transplant) for adults with relapsed or refractory AML who can
tolerate intensive treatment?

4. Which patient characteristics are most important when making treatment decisions?

METHODS

The standard induction regimen consisting of cytarabine (cytosine arabinoside, AraC)
plus an anthracycline was established over 25 years ago (113-115), based largely on studies by
the Cancer and Leukemia Group B (CALGB) (116). Since that time, different doses, variations
and derivative of anthracycline used, and use of additional agents have been studied in
attempts to improve response and survival. Several guidelines and reviews included specific
comparisons, but we were unaware of comprehensive and current systematic reviews that
covered all trials. It was therefore deemed necessary to conduct a literature review covering
a broad period going back to the time when current treatment was established.

A literature search strategy (see Appendix 3 for search strategy) was developed and
conducted using the MEDLINE and Embase databases for the period 1990 to October 17, 2014;
it was rerun on August 18, 2015 to find recent publications. The search included guidelines,
systematic reviews, and randomized controlled trials (RCTs). Systematic reviews were
evaluated based on their clinical content and relevance prior to screening of primary studies.
The intent was to determine whether there were reviews that could form the literature base
for this guideline instead of conducting a new systematic review. Reviews on subgroups of
patients or treatments were identified that might supplement our analysis, and these are
referred to later in interpretation of the results. It was determined that none of the
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systematic reviews were comprehensive and current enough to form the basis of this
guideline. A full review of the primary RCT literature was therefore required. Abstracts from
conferences of the American Society for Clinical Oncology (ASCO), American Society for
Hematology (ASH), and European Hematology Association (EHA) were searched for years 2009
to 2014 using Embase and the conference websites. As a result of external review comments,
the ASH 2015 conference abstracts were also searched; however, as this was subsequent to
the formal systematic literature review, these results are indicated as such and have not been
fully integrated into the review.

Study Selection Criteria and Process
A review of the titles and abstracts and subsequent full-text review (if warranted) was
conducted by one reviewer (GGF).

Inclusion Criteria:

e Adult patients with AML randomized to systemic treatment versus other systemic
treatment (including different schedule/dose) or placebo

e For induction therapy, at least one arm consisted of systemic therapy including a
combination of a cytarabine and an anthracycline (or derivative such as the
anthracenedione mitoxantrone)

e RCTs could include a mixture of leukemias/myelodysplastic syndromes (MDS) as long as
at least 50% of patients had AML or outcomes of AML patients were reported
separately.

e Reported outcomes related to disease control (complete remission rate) and/or
survival.

Exclusion Criteria:

e Studies focussed on stem cell transplantation, supportive care (e.g., transfusions,
prevention or treatment of infections or iron overload). Granulocyte colony-
stimulating factor (GCSF) or related agents were not excluded when it appeared use
was being evaluated as part of the systemic therapy to treat AML (instead of
complications/side effects).

e RCTs of systemic treatment compared with transplantation.

e Retrospective studies, prospective cohort studies, case control studies, case series
studies.

e Studies focussed on patients with acute promyelocytic leukemia (APL), acute
lymphoblastic leukemia, non-acute leukemias, or MDS.

Data Extraction and Assessment of Study Quality and Potential for Bias

Ratios, including hazard ratios (HR), were expressed with a ratio <1.0 indicating
benefit of the investigational treatment compared to the control or placebo. All extracted
data and information were audited by an independent auditor.

Important quality and completeness of reporting features for randomized trials, such
as sample size calculations, number of patients, statistical significance of outcomes, and
whether analysis was on an intent-to-treat (ITT) basis were extracted for each study. Studies
in which effectiveness of randomization is suspect due to unequal group characteristics have
a notation added. Blinding of outcome assessment was rare and therefore not used as criteria
for assessment. Extraction of data on adverse events was generally limited to significant
differences between treatment arms in severe (grade 3+) adverse events.
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Synthesizing the Evidence

When clinically homogeneous results from two or more trials were available, a meta-
analysis was conducted using the Review Manager software (RevMan 5.3 provided by the
Cochrane Collaboration (117). For time-to-event outcomes, the HR, rather than the number
of events at a specific time, is the preferred statistic for meta-analysis, and is used as
reported. If the HR and/or its standard error were not reported, they have been derived
from other information reported in the study, using the methods described by Parmar et al
(118). For all outcomes, the generic inverse variance model with random effects, or other
appropriate random effects models have been used. Statistical heterogeneity was calculated
using the X* test for heterogeneity and the I> percentage. A probability level for the X*
statistic less than or equal to 10% (p<0.10) and/or an I* greater than 50% was considered
indicative of statistical heterogeneity.

RESULTS

The original literature search from MEDLINE and Embase, after removal of duplicates,
resulted in 7367 citations. Of these, 1678 dealt only with MDS and were excluded. Of the
remaining citations, preliminary sorting resulted in 4219 RCTs, 451 systematic reviews or
meta-analyses, and 1019 guidelines. The abstract search resulted in a further 36 citations.
An additional five guidelines were located from websites (see Section 3). The search update
of August 2015 found 1373 publications.

Search for Existing Systematic Reviews

Of the 451 systematic reviews or meta-analyses found in the literature search, 29
remained after application of inclusion/exclusion criteria. The review by the Swedish Council
on Technology Assessment in Health Care (119-121) was the only one to cover the full range
of treatments and all adult patients but only included literature published to 1998, plus some
key publications until September 2000. Other reviews were located on specific chemotherapy
agents (clofarabine (122), cytarabine (123,124), hematopoietic growth factors (71,72,125-
130), gemtuzumab ozogamicin (GO) (57,59,131,132), homoharringtonine (133,134), idarubicin
and daunorubicin (48,135,136) or anthracyclines generally (137), interleukin-2 (IL-2)
(138,139)] or on specific subgroups of patients [older patients (140), adolescents and young
adults (141,142), or patients with core-binding factor [CBF] AML (143,144)).

As the reviews were either outdated or too narrow in scope to allow their use as the
basis for a new set of recommendations it was decided to perform a full systematic review of
RCTs. The above reviews were consulted for specific sub-questions and evaluated along with
the individual RCTs.

Literature Search Results

Initial screening of the RCTs primarily by reviewing titles and abstracts resulted in 524
publications (488 from MEDLINE/Embase, 36 from abstract search). Approximately 26
additional references were added based on reference lists or targeted searches to find
additional details about included trials or full publications of abstracts.

Publications were excluded in the second stage (full-text evaluation) for the following
reasons: induction without anthracycline + cytarabine (n=57), retrospective molecular or
prognostic analysis (n=32), have later or more complete publication (n=90), duplicate
abstracts/publications (n=22), pilot/dose-finding/phase I/Il trials (n=14), reports of trial
design (n=14), not RCTs or not AML (n=12), reviews (n=6), supportive care (n=5), transplants
(n=4), economics (n=3), childhood AML (n=2), no results (n=1), and pharmacokinetics (n=1).
Following full-text screening there remained 287 publications representing 240 trials.
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The search update of August 2015 found 57 publications of RCTs; of these, 42 were
already included (36 of these from the original searches and six other abstracts contained no
additional relevant data beyond that already in other included publications). The new
publications represented three new trials (145-148) and additional information for four
already included trials (ALFA-0107 (5), and the UK Medical Research Council [MRC]/National
Cancer Research Institute [NCRI] AML15, AML16, AML17 trials (149-152)).

Results from induction studies are given in Table 4-1 to Table 4-12 (3-9,11,36,40-
47,49-56,58,60-70,73-83,86,87,116,145-147,149,150,152-298) with ongoing studies reported
in Table 4-13 (106,299-305). Results from post-remission studies are given in Table 4-14 to
Table 4-16 (6,7,34,35,40,45,46,51,53,58,63,67,69,76,77,79,82-
94,151,153,156,161,162,165,168,172,176,177,181,185,192,194,196,198,199,207,208,213,233,
234,245,246,261,262,270,275-279,297,306-342), with ongoing studies in Table 4-17
(47,152,343-347). RCTs involving patients with refractory or recurrent disease are given in
Table 4-18 (17,18,47,75,95-102,104-106,148,152,348-373). Some trial results appear in more
than one set of tables due to multiple randomizations (see next subsection). Trials in which
randomization is to both induction and post-induction treatment at the start, with post-
induction treatment determined by the induction randomization group are considered to be
primarily studies of induction, although more specifically are evaluation of a treatment
pathway. These trials are included only in the induction tables (Tables 4-1 to 4-13). The
relationship of the various stages of AML treatment, research questions, and number of trials
located is illustrated in Figure 4-1.

Figure 4-1. Interrelationship of AML stages and research questions
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Study Design and Quality

Trial Descriptions

Details on the trials are included in the data extraction tables (see Tables 4-1 to 4-12
and Tables 4-14 to 4-18). Following induction, subsequent treatment varied for patients in
complete remission (CR). In some trials no further treatment was given or it was not
specified (to be decided by the attending physicians and patients). Other trials gave post-
remission treatment which depended on which induction had been received (i.e., initial
randomization led to a pathway of treatment), or conducted a second randomization
(consolidation, maintenance, or both) of all patients with CR willing to continue in the trial.
A small number of trials randomized patients at three stages (induction, consolidation,
maintenance). Most studies in relapsed or refractory patients randomized patients to
reinduction treatment; a few randomized patients (who had CR to reinduction therapy) to
post-induction treatments.

The total number of participants is given for each study; where there is a second
randomization of interest the number of patients for this randomization is also noted. Almost
all trials had approximately equal numbers per arm. Exceptions such as trials with 2:1 or
other unequal randomizations have been noted. As age has often been considered a major
factor in determining treatment, and trials and guidelines are often for either older or
younger patients, the age range as defined by the trial inclusion criteria along with actual
median age of patients enrolled has been extracted. In a limited number of trials, the age
range for inclusion was not stated; in these cases the actual age range for patients has been
reported.

Randomization and Prospective Design
As part of the literature review design, only prospective RCTs were included in the
literature search.

Allocation Concealment

Of the induction trials publications, approximately one-third gave details of the
randomization process suggesting allocation concealment. The proportion was higher for
consolidation trials (67%) and lower for maintenance trials (15%). Of the other studies,
details on the method of randomization were not reported. Even the largest research groups
conducting numerous multicentre and international trials (with the exception of CALGB and
the European Organisation for Research and Treatment of Cancer [EORTC]) did not
consistently report on method of randomization, suggesting that there the issue may be of
reporting as opposed to trial design. There was no indication that allocation was not
concealed or that researchers influenced the treatment received. The treatment arms were
generally balanced with respect to patient and disease characteristics. As abstracts reported
fewer details they were also less likely to report on methods of randomization. This was not
considered a large enough concern to require downgrading the overall assessment of the
quality of evidence.

Blinding

Most trials appeared to be of open design without blinding of investigators or
participants. Thirty-two trials indicated they were open-label design and twenty trials
indicated they were double-blind; of the latter group nine involved evaluation of colony-
stimulating factors (CSFs). An additional five trials indicated blinding in some aspect of the
trial. A few trials indicated they were unblinded at some point during data analysis,
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suggesting they had blinding in the design, but this was not mentioned explicitly. Due to the
extreme toxicity and known differences in adverse effect profiles of some of the regimens,
knowledge of treatment may have been essential in order to provide appropriate supportive
care. Differences in modes of administration would also have made it difficult to have
blinding of participants and researchers. Trials of GCSF or granulocyte-macrophage (GM)-CSF
were much more likely to be double-blind, possibly because they are routinely used in
supportive care. In the included trials, GCSF or GM-CSF were given as a chemotherapy
adjuvant to modify effect of the active agents and therefore less likely to have large serious
adverse effects. Lack of blinding for assessment of adverse effects may be a major source of
bias, and may play a role in other non-survival outcomes. Due to the extremely poor
prognosis of AML, we were mainly concerned with death or severe (grade 3 and 4) adverse
events, which are more likely to be noted objectively compared with less severe toxicities. It
is considered highly unlikely that blinding or lack of blinding would influence assessment of
death or overall survival (0OS) outcomes. The overall assessment is that while blinding was not
routinely reported, or was not part of the RCT design, this is not a significant enough source
of bias to downgrade our assessment of the quality of evidence.

Power and Sample Size Calculations

Sample size and power calculations, when reported in the original publications, are
indicated in the data extraction tables. The majority of trials did not include sample size and
power calculations. Many of the trials were too small to be able to find statistically
significant results. In general, studies that included power calculations were designed only to
detect relatively large (20% to 30%) improvements in CR for induction studies or in survival for
post-remission studies. Few studies were sufficiently powered to detect small differences in
survival, and this applied especially to induction studies that were designed with CR as the
primary outcome. The lack of many statistically significant differences was therefore not
unexpected. Where sample size calculations were provided, these are a factor in determining
whether to consider a lack of statistically significant differences to indicate there is likely no
difference, or just that no conclusions could be reached. There were some very large
multicentre trials (>1000 patients) by large leukemia research groups, as well as some
relatively small trials that found significant differences in outcomes. Due to the extremely
large number of comparisons made in the various trials, it was considered inappropriate to
give a summary evaluation of the potential bias due to sample size. Related issues are
included with the results and discussion of various regimen comparisons in the following
sections of this review.

Appropriate and Complete Outcome Assessment

Patients with AML generally have very poor prognosis, with survival limited to a few
months. Deaths during, or even prior to treatment, are common. Treatments also have many
adverse effects and very high-level infection control and supportive care are required. Likely
due to these factors, short-term outcomes were usually appropriately and completely
assessed. CR rates were reported for all trials, although in a small portion of publications the
authors stressed the overall CR rate and stated there was no difference between arms,
instead of clearly stating the results by treatment. Early mortality or induction-related
mortality were also well assessed. Both the disease itself and the treatments received induce
hematologic effects and susceptibility to severe infections; these were also well-reported.
Non-hematological adverse events were less consistently reported; gastrointestinal effects
were the most common. While a concern, most of these effects were not life-threatening
and could be managed, and were not designated as primary or secondary outcomes in the
study design.
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Survival data were not well reported for many of the trials, especially the smaller
ones, and often only median values (or none) were given. This may be a limitation due to the
very short survival and small number of patients, such that in small trials there may be no
long-term survivors, or too few to allow meaningful between-group comparisons. Survival
data, when available, were extracted and appear in the data tables. For studies large enough
to calculate survival rates, two to three years appears sufficient, and only a few studies have
follow-up beyond four to five years. The lack of survival data is considered a limitation to the
body of evidence in this review. As for the previous discussion of power and sample size, it is
considered more appropriate to discuss for individual comparisons in the following sections.

Source of Funding

Many trials, especially those evaluating newer agents in phase II/1ll trials, were funded
at least in part by pharmaceutical companies. This may have influenced what agents were
evaluated and whether larger follow-up studies were conducted. The larger trials tended to
receive funding from governments and research institutes or cancer societies, with
pharmaceutical companies sometimes also providing support (especially provision of the drugs
being evaluated). Many trials did not report sources of funding, possibly with costs covered
by the participating institutions. Recent publications generally included a statement about
funding. While a potential source of bias, especially at the earlier stages of drug
development, it is considered minor for the larger phase Ill multicentre trials.

Appropriate Analysis

Most studies with full publications included details on assessment of response in the
methods as well as a section on statistical analysis. This was especially true for the more
recent trials. Over time, patient management and assessment of response has improved,
such that assessment and analysis used in some earlier studies may be considered
inappropriate by today’s standards. This is not a weakness of the study design, but rather a
reflection of changes in knowledge. Several studies noted that patients died prior to
treatment commencement or patients refused assigned (or any) treatment. While this is
unavoidable due to the severity of the disease and toxicity of treatment, it complicates ITT
analyses. Only approximately 30% of the trials indicated an ITT analysis.

Overall Quality and Bias Assessment

The quality of trials including the elements summarized in this section was considered
in the interpretation of study results in the subsequent sections of this review. Due to the
large number of trials and comparisons made, of which extremely few found statistically
significant differences, a table of formal study-by-study and element-by-element assessment
of each trial is not included in this review. Some limitations of studies that may affect their
interpretation or validity are noted for specific comparisons.

Overall, the large phase Il trials were conducted by established multicentre (and
often multi-country) leukemia research groups, were well-designed, and methods and results
were well reported. Methods and results of these trials were reported in detail. These were
evaluated as of high quality and low-moderate risk of bias. Some of the most recent trials
have been published only as abstracts because data just became available or longer-term
follow-up is ongoing. While likely to be of similar quality as other trials by the same research
groups, this could not be assessed.

Several studies conducted by leukemia research groups in Japan, China, Russia,
Poland, and Germany were published primarily in non-English languages, with only English
abstracts available. While some of these are likely high-quality studies, many of the
quality/bias elements could not be evaluated and the risk of bias is high. It should be noted
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that the larger trials with positive (significant) results are often presented at English-language
conferences or published in English at a later date.

Some (but not all) of the smaller phase II/1ll RCTs, especially those conducted at single
centres, were of a more exploratory nature and the conclusions were to either conduct more
trials based on promising results, or cease investigation of the experimental regimen. This is
reflected both in the data tables and the discussion in the text of the review. Trial details
were often not as fully reported. Several of the smallest trials (<100 patients) were reported
only as abstracts, even if completed many years ago. The funding source is more likely to
have an influence. Overall, these trials are judged to have moderate to high risk of bias.

Outcomes

CR, 0S, and other survival outcomes such as event-free survival (EFS), disease-free
survival (DFS), or recurrence-free survival (RFS) were the key outcomes for this review. Data
on these have been extracted if reported in the publications. CR or a variation such as CR +
CRp (complete remission without full platelet recovery) or CR + CRi (complete remission with
incomplete recovery) was given for all induction studies and is the primary measure of
induction response. CR rates for each arm of the induction trials are noted in the tables
except as indicated otherwise. Patients without CR generally had extremely low rates of
survival and were usually excluded from any interventions subsequent to induction. All
patients were in included in calculations of OS; however, only patients with CR were included
in other survival outcomes. For post-remission studies, a single CR rate reflective of the
entire induction population is generally reported in the data tables, and this can be
considered a characteristic of the population being randomized to post-remission treatment.

Survival outcomes were reported less consistently than CR and often were missing

due to preliminary reporting or insufficient follow-up. Several publications only reported
median survival data. Hematologic outcomes and adverse events were reported in varying
levels of detail and in no standardized manner. These have been summarized in the data
tables only when there were major or significant differences noted between the treatment
arms.

1. What is the most effective systemic induction treatment for adults with previously
untreated AML?

Standard induction treatment has involved an anthracycline (primarily daunorubicin
[DNR]) plus cytarabine (cytosine arabinoside = arabinofuranosyl cytidine; AraC). Within this
framework, trials can be broadly classified as those evaluating AraC dose or comparing AraC
with other nucleoside analogues (Table 4-1 and Table 4-2), anthracycline dose or schedule
(Table 4-3), or comparison of anthracyclines. Idarubicin (IDA) and DNR are compared in Table
4-4, mitoxantrone (MTZ) versus DNR in Table 4-5, other comparisons to DNR in Table 4-6, and
other anthracycline comparisons in Table 4-7. Other trials either added on an additional
agent to the cytarabine/anthracycline or compared an entirely different multi-agent regimen
to cytarabine/anthracycline. Studies with etoposide are indicated in Table 4-8, all-trans
retinoic acid (ATRA) in Table 4-9, gemtuzumab ozogamicin (GO) in Table 4-10, GCSF or GM-
CSF in Table 4-11, and other agents in Table 4-12.

Induction, Cytarabine Dose or Comparison

Of the RCTs in Table 4-1, nine (36,40,76,77,116,153,154,157,161-164,166) directly
compared dosage of AraC, which was administered intravenously (iv) over 30-120 minutes or
iv by continuous infusion (Cl). The CALGB 8321 study found no overall difference comparing
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200 mg/day versus 100 mg/day, but found a benefit of the higher dose in patients <60 years
of age (116). Two studies comparing 400 mg/day versus 200 mg/day (MRC AML12 in patients
age <60 years (153,154) and MRC AML14 in patients age >60 years (76,77)) and one study
comparing 1 g/day versus 200 mg/day (157) found no difference. Four trials compared high-
dose AraC (HDAC; 2-6 g/day) to standard-dose AraC (100-200 mg/day). ALSGM4 used 6 g
versus 100 mg and found no difference (163) while SWOG 8600 found 4 g versus 200 mg
improved DFS but neither CR nor OS (161,162). The largest (n=1942) and most recent study,
EORTC/GIMEMA AML-12, compared 6 g/day versus 100 mg/m?/day in patients receiving DNR +
etoposide and found improved CR overall (age 15 to 60 years) and improved OS and DFS in the
subset age <46 years (40). A study by Sabty et al had similar design but was much smaller
(n=128) and did not find a difference (166). A study in patients with CBF-AML administered
DNR together with AraC found extremely high CR rate (99%) and no difference in survival
between AraC at 500 mg/m?/day (days 1 to 3) then 1 g/m* every 12 hours (q12h) (days 8 to
10) compared with AraC at 200 mg/m?*/day (days 1 to 7) (36).

One trial compares DNR to N*-behenoyl-1-8-D-arabinosylcytosine (BHAC, widely used in
Japan instead of AraC) and found BHAC 200 mg resulted in worse CR and EFS than AraC 80 mg,
although dosages may not have been optimal (168). One RCT varied both BHAC and DNR dose
(167) while three varied both AraC and anthracycline (155,156,159). It is difficult to
determine whether any differences are due to variation in AraC or anthracycline.

The systematic review on HDAC by Li et al (123) included two of the above studies plus
three German studies which were confounded by differences in anthracyclines as well. It did
not include the EORTC/GIMEMA AML-12 study. They concluded HDAC compared with standard-
dose AraC was beneficial for RFS but not CR or OS.

Induction, Nucleoside Analogues other than Cytarabine

Three Polish Adult Leukemia Group [PALG] studies (65,169,170) explored the addition
of cladribine to DNR + AraC and the trial by Juliusson et al (66) added cladribine to IDA + AraC
(see Table 4-2). CR was improved by addition of cladribine; however, survival benefit was
noted in only the two larger studies. One study found improvement in three-year OS (45%
versus 33%, p=0.02; p=0.005 for age 50 to 60 years but not significant in younger patients)
(65) and the other found benefit in EFS for patients age 40 to 60 years but not age <40 years
(170).

The NCRI AML16 trial (67) and EORTC/GIMEMA AML-14A (68) found clofarabine and
AraC resulted in similar adverse events, CR, and survival outcomes. Both are published only
as abstracts. The systematic review on clofarabine in older adults (122) may be referred to
for a summary of trials outside the scope of the current review (non-randomized trials,
induction with clofarabine + AraC).

Fludarabine was studied in five trials. The PALG study (65) added fludarabine to DNR +
AraC and the GOELAM SA4 trial (83,171) added fludarabine to IDA + AraC. Both trials found
increased rates of CR and survival with fludarabine, but the differences were not statistically
significant. The MRC AML15 trial (6,7) found that fludarabine + AraC + GCSF (FLAG) + IDA is
effective but the contribution of fludarabine in this combination cannot be ascertained as
comparison was only made to DRN + AraC + etoposide. Russo et al (8,9) found fludarabine +
AraC + IDA (FLAI) to be better than IDA + AraC + etoposide (ICE) but effect cannot be
attributed to fludarabine due to addition of etoposide and use of different AraC doses. A
Chinese study (11) found FLAG and IDA + AraC to result in similar and high CR (92% versus
87%).

A small study (n=34) substituting troxacitabine for either IDA or AraC found these
combinations were not superior to IDA + AraC (173).
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Induction, Anthracycline Dose or Schedule

Trials comparing anthracycline dose or schedule are given in Table 4-3 (41-
47,76,77,155,156,167,174-185). DNR doses of 30-90 mg/m?/day for three days together with
a fixed dose of AraC (generally 100-400 mg/m?*/day for seven to ten days) were compared in
various studies. MRC AML14 found no difference between 35 mg and 50 mg DNR (76,77). The
German AMLCG found 60 mg superior to 30 mg while the Russian AML-95 found no difference
between 45 mg and 60 mg (176-179). ECOG E1900 (41-43) and Lee et al (44) compared 90 mg
and 45 mg in patients age <60 years, while the HOVON 43 (45,46) made this comparison in
patients age >60 years. These RCTs found the higher dose improved response rate and
survival. Subgroup analysis by Lee et al found significant OS benefit in intermediate-risk
subgroup but not others. ECOG found benefit in all risk subgroups; benefit was greatest for
those age <50 years (p=0.002), while the difference was non-significant for patients age 50 to
60 years (p=0.12). The HOVON trial found significant two-year OS benefit of the higher dose
for patients age 60 to 65 years but not age >65 years. For patients with CBF abnormalities
p=0.09 for benefit of the higher dose. NCRI AML17 (47) found no difference between 90 and
60 mg/m?/day but more adverse events in the 90 mg arm.

Other trials varied both AraC and anthracycline dose. MRC AML9 (156) found DNR (50
mg/m?/day) + AraC (100 mg/m” q12h) + thioguanine (DAT) more effective when given 3+10
days than for 1+5 days. ECOG (180) found that an attenuated schedule/dosage DNR 50
mg/m?/day for one day versus 60 mg/m?/day for three days and reduced AraC) was found to
result in less hospitalization and early deaths in patients age >70 years. This is in contrast
trials reported by Parovichnikova et al (155) and Mori et al (167) that found standard doses
(DNR 40-45 mg/m?/day + either AraC 100 mg/m?* q12h or BHAC 200 mg/m?/day) could be used
in patients age >60 years and age 60 to 75 years, respectively.

The ALFA-9801 trial (181) found no significant difference between three and four
courses of IDA (12 mg/m?/day). Feldman et al (183) compared MTZ at 80 mg/m? (day 2 only)
compared with 12 mg/m?/day (days 1-3) and found CR of 57% versus 42% and median survival
of nine months versus six months. The differences were not statistically significant as the
study was designed only to detect or exclude a very large difference. A small study
comparing MTZ bolus versus Cl (182) found both were effective, with significant differences
(favouring the bolus group) only for patients age <40 years.

Induction, Anthracycline Comparison: IDA versus DNR

Sixteen trials as detailed in Table 4-4 compared IDA versus DNR (with AraC in both
arms)?. Most common doses were IDA at 12 mg/m?/day for three days and DNR at 45
mg/m?/day for three days, but other dosages were also used, complicating the interpretation.
Two trials (186,187) with DNR at 25 and 30 mg/m?/day found IDA equally or more effective
but this may be due to DNR being at too low a dose (see previous subsection). The remaining
trials used DNR at 40 mg/m?/day or more.

A meta-analysis performed as part of this systematic review (see Figure 4-2) found
that IDA resulted in higher rates of CR (OR=0.80, 95% confidence interval 0.70-0.93, p=0.003).
This held both for studies which used standard-dose DNR (defined as three doses of 40-50

2 An additional trial conducted by Lee et al is summarized under ongoing trials. Results have
been reported in an abstract presented, subsequent to external review of this document, at
the December 2015 ASH conference (300). Results have been added to Table 4-13 (ongoing
trials) but not included in the meta-analysis. The trial compared IDA (90 mg/m?/d for three
days) versus IDA (12 mg/m?/d for three days), with AraC in both arms and did not find
statistically significant differences.
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mg/m?*/day, total 120-150 mg/m?) and high-dose DNR (total 180-250 mg/m?), p=0.02 and
p=0.03, respectively. The EORTC/GIMEMA AML-10 trial (49) was the largest trial and found no
significant difference in CR (66.9% IDA versus 68.7% DNR, p=0.49). This trial was different
than all the others comparing IDA with DNR in that an additional agent, etoposide, was used
in both arms in addition to AraC and IDA/DNR. When this trial is excluded the results favour
IDA more strongly (p=0.0001 overall, p=0.0006 for standard-dose DNR). Several trials were
conducted in elderly patients or reported these patients as a subgroup. Meta-analysis for
patients age >55 years also found CR benefit for IDA compared with DNR (OR=0.77, confidence
interval 0.63-0.94, p=0.01). The ALFA 9801 and ALFA 9803 trials were the most recent and
accounted for over one-half of the patients.

In the JALSG AML201 study (51) the MAB Mé subgroup had significantly better CR with
three days IDA than with five days DNR (78% versus 38%, p=0.037), while there were no
differences for other subgroups.

Figure 4-2. Meta-analysis of trials comparing complete remission rates with idarubicin
versus daunorubicin

IDA DNR Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.2 Standard Dose DNR
Mandelli, 1991 (GIMEMA) 500 124 43 125 6B1% 0.95[0.57,1.59] 1987 . —
Yogler, 1992 (SECSG AML 305) 75105 65 113 51% 0.54[0.31,095) 1989
Berman, 1991 {Memorial Sloan Kettering L-19) 48 B0 35 B0 27% 0.35[0.15, 0.79] 1989
Wiernik, 1992 (U3 Multicenter Study Group) 68 97 65 111 5.0% 0.60([0.34,1.07] 1989 T
Reiffers, 1996 (France) 76112 66 108 5.3% 0.74[0.43,1.300 199 —_—
Rubio, 1993 (Mexico) 22 40 18 0 4% 0.67[0.28,1.62] 1993 e R
Masaoka, 1996 (Japan) 19 32 13 32 1.89% 047 [017,1.27] 1996 —
Rowe, 2004 (ECOG E3993) 51 121 47 122 6.0% 0.86[0.51,1.44] 1997 I
Mandelli, 2009 (EORTCIGIMEMA AML-10) 480 TV 495 721 16.3% 1.08[0.87,1.35] 1999 T
Subtotal (95% CI) 1408 1432 50.6% 0.74 [0.57, 0.95] -
Total events 884 853

Heterogeneity: Tau®= 0.06; Chi®=15.00, df=8 (P =0.06), F=47%
Testfor overall effect £=2.38 (P=0.02)

1.2.3 High Dose DNR

Ohtake, 2011 (JALSG AMLZ201) 416 532 407 525 126% 0.96[0.72,1.249] 2005 —
Chevallier, 2010 {GOELAMS LAM-2001) 342 412 333 411 100% 0.87 [0.61,1.28] 2005 T
Pautas, 2010 {ALFA-9801) 250 12 110 156 T A% 0.59[0.38,0.92] 2008 —
Gardin, 2007 (ALFA 9803) 122 207 113 208 8.9% 0.82 [0.56,1.21] 20086 I
Euchner, 2012 {German AWML Study B) 272 368 203 290 105% 0.82[0.58,1.16] 2008 -
Subtotal (95% CI) 1831 1591  49.4% 0.84 [0.71, 0.98] &
Tatal events 1402 1166

Heterogeneity: Tau®= 0.00; Chi*= 328, df=4 (P=051, F= 0%
Testfor overall effect £=2.22 (P=0.03)

Total (95% CI) 3239 3023 100.0% 0.80 [0.70, 0.93] L 2

Total events 2291 20149

Heterogeneity: Tau : 0.02;, Chi*=18.32 df=13(FP=015); F=28% 'D_1 sz 055 ﬁ é 10.
Test for averall effect 2= 3.02 (F=0.003) Favours IDA Favours DNR

Testfor subgroup differences: Chi*= 070, df=1 (P=0.40), F=0%

Figure 4-3. Meta-analysis of trials comparing overall survival (four-year OS or five-year
0S) with idarubicin versus daunorubicin

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% Cl Year IV, Random, 95% CI
AL Collaborative Group Meta-analysis, 1998 -0.1489 00672 32.4% 0.86 [0.76, 0.99] 19938 —
fandelli, 2009 (EORTCIGIMEMA AML-10) -0.0619 0.0757 25.6% 0.94[0.81,1.09] 1999 — &
Ohtake, 2011 (JALSG AML2Z01) -0.0544 0.0888 18.6% 0.95([0.80,1.13] 20058 — T
Chevallier, 2010 (GOELAMS LAM-2001) -0.1904 0.1355 8.0% 0.83[0.63 1.08) 2005 I
FPautas, 2010 (ALFA-9301) -0.2448 0.1868 4.2% 0.78[0.454,1.13] 2008
Buchner, 2012 {German AdL Study B) -0.009 0114 11.3% 0.99[0.79,1.24] 2008 . I
Total (95% CI) 100.0% 0.91 [0.84, 0.98] <9
Heterogeneity: Tau®= 0.00; Chi*= 2.67, df=5 (P=0.75), F=0% Ins DIT 155 25
Test for overall effect: £= 2 .61 (P = 0.009) Favours IDA  Favours DNR
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An individual patient meta-analysis of five small older trials by the AML Collaborative
Group (135) concluded both CR and five-year OS were significantly better with IDA compared
with DNR. For studies in the current review survival data are not reported in a consistent
manner. Outcomes reported include OS (12 studies), DFS (4 studies), EFS (3 studies) or RFS (3
studies) and these are given as median times or at two, four, or five years. Five studies
reported four-year or five-year OS. When these more recent studies with four to five-year OS
are added to the AML Collaborative Group meta-analysis (see Figure 4-3), there is small but
significant OS benefit for IDA compared with DNR (HR=0.91, 95% confidence interval 0.84-
0.98, p=0.009). A recent mixed treatment comparison meta-analysis (48) including both
direct and indirect effects found higher CR and OS with IDA compared with conventional-dose
DNR (defined as cumulative dose of 90-180 mg/m? per cycle). It did not find a significant
difference between IDA and high-dose DNR (relative risk [RR]=1.00 for CR, RR=1.01 for OS),
although only two studies were included for the direct comparison.

GIMEMA (50), JALSG AML201 (51), and Rubio Borja (52) found higher rates of early
deaths with IDA (38% versus 22%, 4.7% versus 2.1%, 30% versus 20%, respectively), while ALFA-
9803 (53) found similar induction deaths (9% versus 10%). Many trials reported adverse
effects to be similar or were inconsistent. In the two largest trials (which included over 1000
patients each), the EORTC/GIMEMA AML-10 (49) reported similar grade 3 and 4 adverse events
after induction, although less severe infections and other toxicities with DNR after
consolidation, while the JALSG AML201 (51) reported higher rates of sepsis (8.7% versus 4.9%,
p=0.02) with IDA.

Induction, Anthracycline Comparison: MTZ versus DNR

Trials comparing MTZ and DNR are included in Table 4-5. Six trials (159,190,198,200-
202) directly compared MTZ + AraC with DNR + AraC, two trials made the same comparison
but with etoposide in both arms (49,153,154), and one additional trial compared DNR + AraC
to the same followed by MTZ + AraC (203). Three trials (69,196,204) compared MTZ with DNR
but varied other agents as well (etoposide or amsacrine [AMSA] in one arm, different
durations of AraC). A meta-analysis of the results for CR is shown in Figure 4-4. In studies
comparing only MTZ + AraC with DNR + AraC, MTZ was found to give a better CR rate
(OR=0.72, 95% confidence interval 0.59-0.88, p=0.002). Typically doses were 45 mg/m?/day
DNR and 12 mg/m?*/day MTZ.

Median survival was less than one year in most studies, with no consistent pattern
regarding MTZ versus DNR. No significant survival differences were reported. There were no
differences in adverse events that were found consistently among various trials.
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Figure 4-4. Meta-analysis of trials comparing complete remission rates with mitoxantrone
versus daunorubicin

MTZ DNR Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.2 Only MTZ vs DNR
Arlin, 1990 (Lederle Coop Group) g2 95 54 102 3.0% 0.65[0.37,1.15] 1987 —
Pavlovsky, 1994 (Argentina) 38 72 29 67 21% 0.68[0.35,1.33] 1987 .
Wahlin, 1991 (Sweden) 14 21 14 20 0.6% 1.17[0.31, 4.36] 19898
Lowenhery, 1998 (HOWOMN AML-9) 115 247 92 242 T4% 0.70[0.45,1.01] 1993 —
Rowe, 2004 (ECOG E3993) 52 114 47 116 35% 0.81[0.48,1.37] 1997 .
Raollig, 2010 (German SAL 60plus) 147 2418 125 244 7E% 0.72[0.81,1.03] 2009 |
Subtotal (95% CI) 800 791 24.2% 0.72[0.59, 0.88] <
Total events 428 361

Heterogeneity: Tau®= 0.00; Chi*= 087, df=8{F=0.97);, F= 0%
Testfor overall effect: Z=3.17 (P = 0.002)

1.2.3 MTZ, DNR and confounding agents

Beksac, 1998 (Turkey) 20 29 26 36 0.8% 1.17[0.40, 3.42] 1995 —

Castaigne, 2004 (ALFA-9000) 261 395 112 1497 7.8% 0.68[0.48, 0.96] 1996 —_—

Goldstone, 2001 (MRC AMLT1) 361 B5E 367 A55  20.3% 1.04[0.84,1.29] 1998 -+

Mandelli, 2009 (EQORTCHGIMEMA AML-10) 502 714 495 T2 19.2% 0.95[0.76,1.18] 1999 —=—

Eurnett, 2010 (MRC AML12) 657 842 636 816 17.8% 0.99[0.79,1.26] 2002 =

Buchner, 2012 {German AML Study E) 423 872 203 290 9.8% 0.82[0.60,1.12] 2008 T

Subtotal (95% CI) 3213 2715 75.8% 0.93[0.83, 1.05] &

Total events 2234 1839

Heterogeneity: Tau®= 0.00; Chi*= 532 df=5{P =0.38), F= 6%

Testfor overall effect: Z=1.18 (P =0.24)

Total (95% CI) 4013 3506 100.0% 0.88 [0.80, 0.97] L J
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Heterogeneity: Tau®=0.00; Chi*=10.94, df=11 (P =045, F=0% I t t t ! |

Testforgovergll effect: 2= 2I.BD F= D.DDEII) ( g b1 02 0.5 2 5 10
Favours MTZ Favours DNR

Testfor subgroup differences: Chi®= 456 df=1{FP=003), F=781%

Induction, Anthracyclines other than IDA or MTZ compared with DNR

Trials comparing anthracyclines (other than IDA or MTZ) to DNR are reported in Table
4-6. Three trials compared aclarubicin (ACR) versus DNR (with AraC or BHAC in both arms)
(54,55,205,206), and one additional trial compared ACR versus DNR (with AraC and
homoharringtonine in both arms) (56). ACR was given at 14-80 mg/m?/day. As seen from the
meta-analysis displayed in Figure 4-5, the studies by The Danish Society of Hematology Study
Group on AML (54) and Jin et al (56) showed better CR with ACR. The Sweden LGMS study
(206) was conducted in an older group of patients (age =60 years) and found more early
deaths with ACR (36% versus 16%). In contrast, the Danish study on AML found no difference
in early deaths (24% versus 22%). They reported better CR with ACR for patients age 17 to 60
years (p=0.02) but not age 61 to 65 years, but they had reduced the dose by 33% in the latter
group and suggested the dose may have been too low. No significant differences in survival
were reported. The study by Nagura et al (205) is limited by the low dose of ACR (14
mg/m?/day) and use of BHAC (which has been reported as inferior to AraC (168)). ACR
appears to be effective but the optimal dose is not determined. A meta-analysis of CAG
(cytarabine, aclarubicin, and GCSF) (374) found CR rates for CAG were 57.9% overall, 56.7%
for de novo AML and 60.1% for relapsed/refractory AML. In seven trials which had comparison
to historic results with non-CAG regimen (generally anthracycline + AraC), CR was 63% CAG
versus 44% non-CAG (OR=2.43, confidence interval 1.52-3.88).
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Figure 4-5. Meta-analysis of trials comparing complete remission rates with aclarubicin
versus daunorubicin

ACR DNR Odds Ratio {(Non-event) Odds Ratio (Hon-event)
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.2 ACR vs DNR
Magura, 1994 (Japan) 96 178 116 182 29.2% 1.50 [0.98, 2.28] 1985
De Mully Brown, 1987 (Danish) 52 74 a7 45 23.6% 051 [0.27, 094] 1987 ———— & ————
Ohery, 2002 {(Sweden LGMS) 22 a7 23 43 18.2% 1.31 [0.57,2.95] 1988
Jin, 2013 {China) 140 206 133 198 29.0% 0.76 [0.80,1.17] 2011 —
Subtotal (95% CI) 510 518 100.0% 0.93 [0.57, 1.53] —~aaii—
Total events 320 318
Heterogeneity: Tau*=017; Chi*=10.05, df=3(P=0.02); F=70%
Testfor overall effect: =028 (P=0.78)

05 07 15 2

Favours ACR Favours DNR

Other anthracyclines compared with DNR included amsacrine (AMSA) (207),
DaunoXome® (DNX; a liposomal formulation of daunorubicin) (208), and KRN8602 (KRN) (210).
AMSA was found to result in more adverse events than DNR and there was no evidence of
additional benefit compared to DNR. DNX compared with DNR in elderly patients (age >60
years) resulted in higher incidence of early deaths mainly due to infections (early deaths
12.5% versus 2.6% at six months, p=0.053) but better longer-term OS and DFS due to lower
incidence of relapse beyond six months (59% versus 78% at two years, p=0.064). KRN was
found to be of similar effectiveness (but not statistically significant due to the small number
of patients, n=58) but with more central nervous system and gastrointestinal adverse events
and fewer cardiotoxic adverse reactions.

Induction, Other Anthracycline Comparisons

Trials that compared anthracyclines other than DNR are summarized in Table 4-7.
Earlier studies (213-215,217) evaluated rubidazone, doxorubicin, and zorubicin compared with
each other or IDA; lack of recent trials suggests they are no longer of interest. Studies
comparing IDA and MTZ were inconclusive (190,204,216). A small trial suggested CPX-351, a
liposomal formulation of cytarabine and daunorubicin (5:1 molar ratio) may be better than
AraC + DNR (219), especially for secondary AML (s-AML) patients, and a larger phase Il trial is
planned. German AMLCG trials AMLCG 1985 (220,221), AMLCG 1999 (196,222), and AMLCG
2008 (230) compared various combinations for two courses of TAD [thioguanine + AraC + DNR]
and HAM [high-dose AraC plus MTZ] and found no statistically significant differences. Survival
data for the AMLCG 2008 trial are not yet available.

Induction, Etoposide

Nine trials evaluated the addition of etoposide to DNR + AraC (or BHAC in one trial)
(see Table 4-8). Results of the meta-analysis for CR are shown in Figure 4-6. When all trials
are included, the composite result is that etoposide has no effect on CR (p=0.93). However,
the MRC AML10 and AML11, which are companion trials in patients ages <56 years and >56
years, respectively, reported opposing results. None of the other studies focussed on elderly
patients. When the AML11 trial is removed, the meta-analysis shows a small but significant
CR benefit for etoposide (OR=0.88, p=0.05). The AML11 trial in patients age >56 years found
five-year OS better with DNR + AraC + thioguanine (DAT) than with DNR + AraC + etoposide
(ADE). The Australia ALSGM2 trial found survival benefit for etoposide in the younger patients
(age <55 years) but not older patients, although this was no longer noted with 10-year results.
The MRC trials AML10 and AML15 were the largest trials and found no survival difference with
the addition of etoposide.
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Nine other trials included etoposide; however, there were also other differences in the
arms so that the effect of etoposide alone is unclear. These are summarized in Table 4-8 and
the second portion of the meta-analysis in Figure 4-6. Most showed no significant differences
for the regimens tested. A small study by Ruutu et al (240) found oral etoposide +
thioguanine + IDA to be better than intravenous DNR + AraC + oral thioguanine (CR 60% versus
23%, p=0.007; RFS median 9.9 months versus 3.7 months, p=0.042); however, the benefit may
be due to IDA instead of etoposide. DNR was only given on day 5 compared with IDA on days 1
to 3. A small study by the Sweden LGMS found MTZ + etoposide + AraC much better than
doxorubicin-DNA + AraC + thioguanine + vincristine + prednisolone (CR 83% versus 45%,
p<0.001, median OS 28 months versus 13 months, p<0.03), but again this may be due to the
choice of anthracycline (243). Fludarabine + AraC + IDA was found to result in higher CR rates
(74% versus 51%, p=0.01) than IDA + AraC + etoposide and with fewer adverse effects; long-
term survival was not significantly different (8).

Figure 4-6. Meta-analysis of trials comparing complete remission rates with etoposide
versus other treatments

Etoposide Other Odds Ratio {Non-event) Odds Ratio {(Non-event)
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.2 Etoposide + DNR + AraC vs DNR + AraC

Jacobs, 1990 (South Africa) 17 33 23 37 3.0% 1.55[0.60,4.01] 1985 —

Bishop, 1990 (Australia ALSGM2) 66 107 65 115 59% 0.81[0.47,1.38] 1987 T
Holowiecki, 1994 (Polish PALG) 18 28 17 28 25% 0.86[0.29, 2.54] 1993 e
Parovichnikova, 2010 (Russian AML-92) 65 99 50 85  53% 0.75[0.41,1.36] 1994 — 1
Harnn, 1997 (MRC AML10) 7F0 928 752929 Q1% 0.87[0.69,1.10] 1995 -
Miyawaki, 1999 (JALSG AMLIZ) 246 329 251 326 TE% 1.13[0.79,1.62] 1995 T
Goldstone, 2001 (MRC AML11) 163 327 203 328 83% 1.63[1.20,2.23] 1998 I
Burnett, 2011 (MRC AML15) 811 989 TS5 994 9.2% 0.78[0.62,0.97] 2007 -

Burnett, 2013 (NCRI AML1E) 163 308 163 308 8.2% 1.00[0.73,1.37] 2012 -1
Subtotal (95% CI) 3148 3150 59.2% 0.99 [0.81,1.21] L 2

Total events 23149 2289

Heterogeneity: Tau®=0.04; Chi*=18.33, df= 8 (P = 0.02); F= 56%
Test for overall effect Z=0.09 (P =0.93)

1.2.3 Etoposide vs Other {non-equivalent)

Bandini, 1987 (talian) 47 77 42 79 50% 0.72[0.38,1.37] 1983 — T
Ruutu, 1994 (Finland) 15 25 6 26 21% 0.20[0.06, 0.67] 1983 ——————————

Bjorkholrm, 1995 (Sweden LGMS) 35 42 20 44 28% 017 [0.06, 0.46] 1994

Beksac, 1998 (Turkey) 26 36 46 63 3.2% 1.04[0.42, 2.60] 1995 S S—
Anderson, 2002 (SWO0G 8333) 56 167 63 161  6.8% 1.491[0.95,2.33] 2000 T
Ruutu, 2004 {Finland} 24 36 23 32 2.7% 1.28 [0.45, 3.60] 2000 I B —
Russo, 2005 {talian) 28 55 42 57 3.48% 270[1.22,5.96) 2002

Parovichnikova, 2010 (Russian AML-01.01) 61 117 65 116 B1% 1.17[0.70,1.96] 2006 -
Buchner, 2012 (German AML Study A, AMLD1/99) 611 815 203 290 84% 0.78[0.58,1.05] 2008 -
Subtotal (95% CI) 1370 868 40.8% 0.87 [0.56, 1.33] -

Total events 903 516

Heterogeneity, Tau®= 0.29; Chi*= 31.70, df= 8 (P = 0.0001); F=75%
Test for averall effect 2= 065 (P =053}

Total (95% CI) 4518 4018 100.0% 0.96 [0.79,1.17] L 2

Total events 3222 2815

Heterogeneity: Tau®=0.08; Chi®= 8014, df= 17 (P = 0.0001}; = 66% t t t |
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Induction, ATRA

Table 4-9 includes five trials that evaluate ATRA. The trial by Estey at MD Anderson
(244) and two trials by Burnett et al (MRC AML12, NCRI AML16) (153,154,249) found no benefit
for ATRA, while two trials by Schlenk et al (AMLSG AML HD98B (245,246), AMLSG 07-04
(247,248)) found benefit for ATRA. MRC AML12 was conducted in patients age <60 years,
while AML16 was conducted in older patients (53 to 82 years, median 67 years). HD98B,
conducted in older patients (age =61 years) reported significantly better CR, OS, EFS, and RFS
with ATRA. When analyzed by subgroups, the OS and RFS benefit was found only for patients
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with mutant NPM1. The subsequent and larger AMLSG 07-04 trial in younger patients (age 18
to 60 years) found improved OS with ATRA, mainly attributed to ELN-favourable subtypes.
The subgroup with NPM1 mutation had improved CR and EFS in the ATRA arm, while ATRA
resulted in no difference for the wild-type NPM1 subgroup. The AML16 trial included 73
patients with NPM1 mutants (ITD WT) compared with 289 patients with NPM1 mutations in the
German AMLSG 07-04 trial; the AML16 trial did not find differences with ATRA for subgroups
and was likely underpowered for this. Both these trials are recent and not yet fully
published.

Induction, Gemtuzumab Ozogamicin

Trials evaluating the use of GO are summarized in Table 4-10. The NCRI AML17 trial
compared GO 6 mg/m’ (day 1) versus GO 3 mg/m? (62) and found no benefit of the higher
dose compared with the lower dose. Six trials, namely ALFA 0701 (60), EORTC/GIMEMA AML-
17 (64), GOELAM AML 2006 IR (3), MRC AML15 (6), NCRI AML16 (58), and SWOG S0106 (63),
compared chemotherapy with or without GO, while a German study (4) compared AraC + GO
with AraC + DNR. A recent individual patient data meta-analysis by Hills et al (57) included
five of these trials, omitting the EORTC/GIMEMA AML-17 trial (64) and the trial by Brunnberg
et al (4) (the latter because GO was compared with DNR instead of being added to AraC +
DNR). A meta-analysis by Kharfan-Dabaja et al (59) included all of the seven trials. The
meta-analysis by Loke et al is the most recent and included six trials (132). It included fewer
patients for some of the trials than did the individual patient meta-analysis and did not
subgroup by dose, and therefore will not be discussed further. While longer-term follow-up
(three-year instead of two-year data) is now available for the ALFA 0701 trial, this is not
expected to make a large difference in the overall analysis. Published meta-analyses are
evaluated as being high quality and will be referred to instead of conducting new meta-
analyses for survival outcomes. For the current review, meta-analysis was conducted for CR
outcome, as indicated in Figure 4-7a. Hills et al used CR with or without complete peripheral
count recovery (CR + CRp) instead of CR; however, as indicated in Figure 4-7b which is based
on data from the review by Hills et al plus the two other studies, there was no significant
difference in CR (or CR + CRp) with or without GO. Kharfan-Dabaja et al did not report on CR
as an outcome.

Figure 4-7. Meta-analyses of trials comparing complete remission rates with and without
GO

a) CRin all trials

GO Other Odds Ratio (Non-event) (Odds Ratio (Non-event)

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

1.1.2 GO vs none

Amadari, 2013 (EQRTCIGIMEMA AML-17) 86 236 97 236 147% 1.22[0.84 1.76] 2007 ]

Burnett, 2011 (MRC AML15) 456 556 462 857 M1% 1.07[0.78,1.45] 2007 —

Brunnbery, 2012 (German) M a7 32 58 38% 1.03[0.50,2.15] 2009 R

Fetersdorf, 2013 (SWOG S0106) 204 294 210 300 16.5% 1.04[0.73,1.48] 2009 —

Castaigne, 2014 (ALFA-O701) 112 139 103 139 6.3% 0.69[0.39 1.21] 2010 — 1

Delaunay, 2011 (GOELAM AML 2006 IR) 104 1149 103 118 29% 0.89[0.26,1.36] 2010 —

Burnett, 2012 {MNCRI AWML E) 347 5549 322 856 34.8% 0.84 [0.66,1.07] 2010 —&

Subtotal (95% CI) 1961 1965 100.0% 0.95[0.83,1.10] <

Total events 1345 1329

Heterogeneity: Tau®=0.00; Chif=6.04 df=6{F=042), F=1%

Testfor overall effect: Z=0.67 (P = 0.50)
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b) CR + CRp as reported in the Hills et al meta-analysis plus additional trials

GO Other (Odds Ratio (Non-event) (Odds Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.2 GO vs none
Amadoari, 2013 (EQRTCIGIMEMA AML-17) 107 238 116 236 164% 1.17[0.81,1.67] 2007 — T
Erunnberg, 2012 (German) 33 57 34 58 39% 1.11[0.63,2.33] 2009
Hills, 2014 (individual pt meta-analysis) 1306 1660 1283 1664 79.7% 0.91[0.77,1.08] 2014 —-
Subtotal (95% CI) 1953 1958 100.0% 0.96 [0.83, 1.11] -
Total events 1446 1434

Heterogeneity: Tau®= 0.00; Chi*="1.61, df=2{F=0.49);, F= 0%
Testfor overall effect: Z=0.589 (P = 0.56)
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The review by Hills et al included individual patient data not available from the
publications, while Kharfan-Dabaja et al calculated outcomes from survival curves. Hills et al
reported 30-day mortality to be worse with GO (OR=1.28, p=0.08). Kharfan-Dabaja et al
reported early therapy-related deaths (induction death or 30-day mortality) to be worse
(HR=1.60, P=0.02). For the two large trials AML15 and AML16, which used a single dose of GO
at 3 mg/m?, there was no difference in 30-day mortality (HR=1.09, p=0.6), while 6 mg/m? GO
(SWOG S0106 and GOELAM AML 2006 IR) resulted in much worse 30-day mortality (HR=2.79,
p=0.007). Both meta-analyses found GO improved RFS (OR=0.84; p=0.0003 and p=0.04). The
individual patient meta-analysis calculated five-year OS as 35.6% GO versus 32.2% control
(p=0.01) and six-year OS as 34.3% versus 30.6%. Overall, they found HR=0.90 (confidence
interval 0.82-0.98), with benefit for the subgroup at 3 mg/m? (p=0.02) but not 6 mg/m?
(p=0.9). In contrast, Kharfan-Dabaja et al found no significant difference in OS (HR=0.95,
confidence interval 0.83-1.08, p=0.42). The difference is mainly due to the inclusion of the
EORTC/GIMEMA AML-17 trial which used GO at 6 mg/m? (days 1 and 15) and resulted in worse
OS overall and for patients age =70 years. This trial found GO improved survival in patients
with s-AML age <70 years. Hills et al looked at OS in subgroups with favourable,
intermediate, and adverse cytogenetics and found five-year OS of 77.5% versus 55.0%
(p=0.0006), 40.7% versus 35.5% (p=0.005), and 9.1% versus 7.9%, p=0.9, respectively.
Projected numbers for six-year OS were 75.5% versus 54.8%, 39.6% versus 33.9%, and 8.9%
versus 6.7%.

A prognostic factor analysis of CBF-AML patients from the MRC/NCRI trials (250) found
use of GO induction (HR=0.40, p<0.0001), performance status, and age to be significant
factors in multivariate analysis of survival. FLT3 and NPM1 mutation status had no effect.
The ALFA-0701 trial (5) found stronger GO benefit in patients with cytogenetically normal
AML, and in patients with genetics that were favourable/intermediate.

Induction, GCSF or GM-CSF

Twenty-seven trials evaluating CSF are included in Table 4-11. Of these, three were
included in a meta-analysis by Sung et al (71), eight in a meta-analysis by Heuser et al (72),
and thirteen in both. While these reviews were published in 2009 and 2011, only three small
trials from the current literature search (253,256,257) were not included in these other
reviews. As the reviews by Sung et al and Heuser et al were found to be comprehensive and
evaluated to be of high quality, additional meta-analysis was not conducted. Table 4-11
includes data for all the trials, including some additional details not reproduced in the other
reviews. Sung concluded CSF priming does not improve outcome and should not be used in
routine clinical care. The review by Heuser et al included more studies primarily because it
included both trials with CSF given prophylactically after chemotherapy and those with CSF
administered concurrently with chemotherapy. While these two subsets were reported
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separately, both analyses found no differences in CR rates, DFS/EFS, or OS. Prophylactic CSF
reduced neutrophil recovery time and length of hospitalization but not survival. The
Cochrane Collaboration (130) prepared a recent systematic review on CSF in AML with a focus
on prevention and treatment of infectious complications and included 19 trials; as such, they
specifically excluded nine studies of CSF priming (before and/or only for the duration of
chemotherapy). They found CSF added to chemotherapy gave no difference in all-cause 30-
day mortality (RR=0.97), OS (HR=1.00), DFS (HR=1.00), or CR (RR=1.03). An individual patient
meta-analysis (referred to in an analysis of MRC AML11 and AML12 trials (254) but not
published) found neither benefit nor harm for endpoints of CR, DFS, or OS.

Induction, Agents not in other Tables

Table 4-12 contains data from 30 randomized trials of induction that do not readily fit
into the previous subsections. Many of these are recent trials of promising agents, and as
such do not appear in older reviews or guidelines.

One trial (285) compared one cycle of FLAM (flavopiridol + AraC + MTZ) to AraC + DNR
(two cycles allowed for patients without CR, but only given to approximately one-half the
patients in this category) and found significantly better CR in the flavopiridol arm (70% versus
46%, p=0.003 overall); FLAM resulted in higher CR than one cycle AraC + DNR for all
subgroups. Differences were less when evaluating after two cycles AraC + DNR, although still
suggestive of FLAM benefit. Toxicities were similar in both arms and a phase Il trial is
planned.

Homoharringtonine and the related semi-synthetic derivative omacetaxine have been
studied and widely used in China. Many of the studies are published in Chinese, are not
indexed in MEDLINE or Embase, and English-language reports are not readily available. The
reader is referred to two recent reviews (133,134) that cover this literature. The meta-
analysis of Chinese studies published from 2006 to 2013 included five RCTs, 13 single-arm
retrospective trials and three retrospective trials comparing two regimens (133,134). It
concluded that homoharringtonine is effective, with overall CR rate of 65% (69% in
randomized trials, 63% in retrospective studies, 47% in studies exclusively with elderly
patients). The other review (133) gives a comprehensive background although does not
appear to include a systematic review. It included three RCTs prior to 2006 and therefore not
included in the meta-analysis, plus one recent RCT (also found in the current literature
search) which is described below. Both reviews suggested large phase Ill RCTs are warranted.

While homoharringtonine has been studied and used in China, results are now
available for a large randomized multicentre study (56) comparing homoharringtonine + AraC
+ ACR (HAA) versus homoharringtonine + AraC+ DNR (HAD) versus DNR + AraC (DA). HAA was
significantly better than DA for CR, EFS, and RFS; differences between HAD and DA were
smaller and not statistically significant (CR 67% versus 61%, p=0.20; EFS 32.7% versus 23.1%,
p=0.08). Adverse events were similar except for more early deaths in the homoharringtonine
arms (5.8% HAA, 6.6% HAD, 1% DA). Benefit was greatest in the subgroup with favourable
cytogenetics.

Lomustine, a multi-kinase inhibitor, was studied in the GOELAM BGMT-95 trial (82,83)
in patients age >60 years. The trial was only powered to detect 15% increase in CR and 20%
increase in OS and therefore most results are not statistically significant. It suggested
improvement in CR (p=0.055 after one course; p=0.104 overall), especially in patients with
adverse cytogenetics (p=0.074 adverse cytogenetics subgroup; p=0.286
favourable/intermediate subgroup). Median OS was longer (12 months versus 7 months,
p=0.05), although the improvements in two-year OS and EFS were not statistically significant
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(31% versus 24% and 22% versus 18%, respectively). A trial of lomustine during induction plus
consolidation (LAMSA 2007, NCT00590837) is completed but not yet published®.

Another multi-kinase inhibitor, midostaurin, is being evaluated in patients age 18 to 60
years with FLT3 mutations in the CALGB 10603/RATIFY trial; results have not yet been
reported.’

Lestaurtinib was evaluated in NCRI AML15 and AML17 trials (286) in FLT3-mutated
AML. No differences in CR or survival were found and there were minimal differences in
toxicity compared with the control group. Stratified subgroup analysis suggested survival
benefit in patients with concomitant azole treatment (p=0.02) and in patients treated with
GO plus azole (p=0.02). This needs to be confirmed in prospective studies.

The AMLSG 12-09 (280) and German SAL AML-AZA trials (281) studied azacitidine (AZA)
use. AZA replacing AraC and given prior to or concurrent with etoposide + IDA resulted in
worse CR, while giving after etoposide + IDA did not improve CR. Addition of AZA prior to
standard induction and maintenance (AraC + DNR) did not improve CR, OS, or EFS overall;
authors suggested trends in DNMT3A subgroup should be explored further. The AZA-AML-01
trial compared AZA (75 mg/m?/day subcutaneously [sc], 7 consecutive days per 28-day
treatment cycle, at least 6 cycles) to standard intensive therapy (AraC + either DNR or IDA) in
patients age >65 years (145,146). The study found no significant difference in response or
survival between AZA and standard induction. Red blood cell transfusion independence rates
with AZA versus intensive chemotherapy were 57% versus 35%, while grade 3-4 treatment-
emergent adverse event rates were similar (anemia 12% versus 14%; neutropenia 30% versus
33%; febrile neutropenia 33% versus 31%; thrombocytopenia 23% versus 21%; and any
infections 49% versus 50%). This small study (n=87 in relevant subgroups) suggests AZA alone
may be an option in elderly patients who are fit for intensive chemotherapy but choose not to
receive it.

Two trials with sorafenib were conducted by the German Study Alliance Leukemia
(SAL). In patients age 18 to 60 years (290), sorafenib significantly improved 3-year EFS (40%
versus 22%, p=0.013) and RFS (56% versus 38%, p=0.017); OS was 63% versus 56% (p=0.38).
Risk of fever, bleeding events, and hand-foot syndrome were higher in the sorafenib arm’. In
the second trial, conducted in patients age >60 years (292), CR, OS, and EFS were lower with
sorafenib (not statistically different) and there were more adverse events including grade 3
infections and early deaths (17% versus 7%, p=0.052).

* Note the LAMSA 2007 results were released (subsequent to this review) as an abstract at the
ASH conference in December 2015 (305); the reported information has been added to Table 4-
13 (ongoing trials). The trial was conducted in elderly patients (age > 60 years) without
unfavourable cytogenetics and found the lomustine group had lower primary resistance and
relapse, higher rate of CR + Cri, and better EFS; OS appeared improved though the difference
was not statistically significant.

4 Subsequent to external review of this document, results were reported at the December
2015 ASH conference (303). The abstract indicates that midostaurin significantly improved
five-year EFS (26.7% vs 19.1%, p=0.0044) and OS (50.8% versuss 43.1%, p=0.007) and the effect
was consistent across all FLT3 subgroups. Results have been added to Table 4-13 (ongoing
trials).

> At the time of this review results were published only as an abstract. Full results were
published subsequent to external review (305). Results reported in the previous abstract have
not changed though additional information was reported and has been added to Table 4-12.
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While cyclosporine A was found to have benefit in the Hellenic trial (74) and SWOG
9126 trial (75), these trials were small and included narrow subgroups of patients. Later
studies with next-generation agents such as PCS-833 (valspodar) (76-80) and zosuzuidar (81)
did not confirm these results. PSC-833 (76-80) use resulted in more serious adverse effects
and either no difference or worse CR and survival outcomes. Vincristine (297) resulted in
significantly worse CR and EFS. Amonafide (282) and bevacizumab (283) resulted in increased
adverse effects without improvement in CR or survival. No benefit was found for interleukin
(IL)-11 (73), lisofylline (287), quinine (288,289), topotecan (296), thalidomide (296), valproic
acid (247,298), or zosuquidar (81).

2. What is the most effective systemic post-remission treatment (consolidation and/or
maintenance, excluding stem cell transplant) for adults with previously untreated AML?

For this question it is assumed that patients have received induction treatment and
remain in remission. Question 3 deals with AML that is refractory to induction or experience
relapse. While there is overlap in terminology, consolidation is generally used soon after
completion of induction therapy for a limited number of cycles (often two to four cycles),
while maintenance therapy is given following consolidation and/or for an extended duration.
Where possible, trials have been classified according to the terminology in the original
publications. Trials with randomization to consolidation treatment are summarized in Table
4-14, trials randomized to both consolidation and maintenance or those comparing
consolidation to maintenance are summarized in Table 4-15, and trials comparing
maintenance regimens are summarized in Table 4-16. Some ongoing studies are indicated in
Table 4-17.

Induction treatment and CR rates help to define the population being studied and are
reported in the tables for this purpose; CR rates are not an outcome of post-remission
treatment. Trials in which randomization is to both induction and post-induction treatment
at the start, with post-induction treatment determined by the induction randomization group
are considered to be primarily studies of induction, although more specifically are evaluation
of a treatment pathway. These trials are included only in the induction tables (Tables 4-1 to
4-13).

Consolidation

Table 4-14 includes 25 trials of consolidation. Most consolidation regimens are similar
to those used for induction, including use of AraC with anthracyclines, and in some trials the
regimens used for induction are extended for additional cycles in patients with CR. It should
be noted that HDAC was often given q12h while standard doses were given as continuous
infusion. In the NCRI AML16 trial patients (generally age >60 years) were randomized to one
course of DNR (50 mg/m?/day) + AraC (100 mg/m? q12h) versus none. No differences in OS or
RFS were found (67).

Three trials used AraC alone and compared various doses. A small study by Ahmad et
al (307) in patients with known K-RAS status found AraC at 400 mg/m?/day resulted in better
DFS compared with 100 mg/m?*/day; the higher dose resulted in better OS for patients with
mutant but not wild-type RAS. The CALGB 8525 trial (34) compared AraC at 100 mg/m?/day
versus 400 mg/m?/day versus 3 g/m* q12h and found better OS and DFS with the highest dose.
The benefit was found for patients age <60 years but not patients age >60 y; in the latter
group only 29% could tolerate the high dose and 32% experienced serious central nervous
system abnormalities at the high dose compared with none at lower doses. The MRC AML15
trial compared AraC at 1.5 g/m” q12h versus 3 g/m* a12h (6,7,172) and found no difference in
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OS or RFS, although there were modest differences in hematologic toxicity; more supportive
care and hospitalization occurred at the higher dose.

Studies also evaluated AraC dose when used together with DNR, MTZ, or IDA in
patients age <65 years or age <60 years. The SAKK study (85) found 3 g/m? q12h AraC
superior to 100 mg/m?/day regarding OS, DFS, and EFS, although there were also more grade
3 adverse events (58% versus 21%). SWOG 8600 (161) did not find benefit for HDAC (2 g/m? or
3 g/m? q12h) compared with standard-dose AraC (200 mg/m?*/day), although they did reduce
AraC dose (from 3 to 2 g/m?) part way through the trial due to toxicity. The German SAL
AML96 trial (88) found no benefit for AraC at 3 g/m* q12h compared with 1 g/m* q12h. When
both AraC and IDA dose were varied (with MTZ in both arms), no significant differences were
found for AraC 100 mg/m?* q12h + IDA 12 mg/m?*/day compared with AraC 1 g/m* q12h + IDA 8
mg/m?/day (308). The Australasian LLG AML7 study compared AraC 3 g/m* q12h with AraC
100 mg/m’/day together with etoposide and IDA and found HDAC to be more toxic and
without survival benefit (87).

The CALGB 8923 trial compared AraC alone at 100 mg/m?/day with AraC at 500 mg/m?
q12h + MTZ at 6 mg/m* q12h in patients age 260 years. It found the AraC/MTZ regimen to be
more toxic but not more effective. The German SAL AML2003 compared HDAC alone (3 g/m?
q12h) with AMSA + MTZ + AraC (1 g/m? q12h) and found the multi-agent treatment to be more
toxic without improvement in survival (and with worse OS on a per protocol basis) (89). The
CALGB 9222 trial compared HDAC with HDAC — etoposide + cyclophosphamide — diaziquone
+ MTZ + GCSF and found similar outcomes but more toxicity with the multi-agent regimen
(90). The JALSG AML201 trial compared three courses of HDAC at 2 g/m* q12h to standard-
dose combination chemotherapy with AraC at 100 mg/m?/day (four courses: MTZ + AraC, DNR
+ AraC, ACR + AraC, etoposide + vindesine + AraC) (86). They found both were tolerated with
no difference in OS, although HDAC resulted in better DFS in the subgroup with favourable
cytogenetics.

In the JALSG GML2000 trial ubenimex added to combination chemotherapy improved
DFS (p=0.014); OS was 32.3% versus 18.7% (p=0.111) (185). Macrophage-colony stimulating
factor was found in the JALSG AML92 study to improve DFS and relapse rate in the age 15 to
29 years subgroup (66% versus 10%, p=0.013 and 34% versus 90%, p=0.013, respectively),
although the differences were not statistically significant in the full population aged 15 to 70
years (41% versus 31%; 54% versus 71%) (310,311). Neutrophil and platelet recovery was
significantly faster and time to finish consolidation therapy was shorter.

The EORTC/GIMEMA AML-13 compared ICE (IDA + AraC + etoposide) administered iv
with ICE administered with IDA and etoposide orally and AraC sc and found no significant
difference in antileukemic effect (313). The non-infusional arm resulted in more vomiting
and diarrhea but shorter platelet recovery and less hospitalization.

A common regimen of consolidation supplemented by additional cycles of IDA + AraC +
etoposide (MRC AML14) (76,77), AraC + IDA (GOELAM BGMT-95) (82,83), or ACR + vincristine
then DNR + AraC then AMSA + AraC (84), or six to eight cycles in which AraC was intensified
(HDAC) in two courses (306) did not improve outcomes. The MRC AML12 trial gave three
cycles consolidation with AMSA + AraC + etoposide (MACE) then randomized to MTZ + AraC
(MidAC) versus IDA + AraC + etoposide (ICE) then MidAC and found no differences in survival
(153). The MRC AML15 trial compared MACE—MidAC versus AraC (1.5 g/m?* q12h) versus AraC
(3 g/m* q12h) (6,7,172). There were no significant differences in OS or RFS between
MACE/MidAC and AraC (1.5 or 3.0 g combined), but MACE/MidAC was associated with more
toxicity and myelosuppression, and slower neutrophil and platelet recovery. MACE/MidAC
resulted in superior OS in patients with adverse-risk cytogenetics (OS 39% versus 0%,
p=0.0004; deaths OR=3.17 favouring MACE/MidAC), although this was based on only 54
patients.
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The New Zealand AML-1 trial compared DNR + AraC with etoposide + AMSA and found
no difference in survival or relapse, although there was more frequent vomiting and longer
duration of severe neutropenia with etoposide + AMSA (312).

The MRC AML15 trial compared MACE—MidAC versus AraC (1.5 g/m?q12h) versus AraC
(3 g/m* q12h), all with or without GO (6,7,172). GO added during consolidation was of no
benefit. The HOVON 43 trial (46) found no significant benefit to using GO alone for
consolidation.

The ongoing ALFA-0702/Clara trial (347) compared consolidation with three cycles
HDAC (3 g/m*/12 h AraC) to clofarabine (30 mg/m?/day) + AraC (1 g/m?/12 h) (see Table 4-
17); results were presented at the December 2015 ASH conference.

Consolidation and Maintenance

Trials summarized in Table 4-15 randomized patients to consolidation versus
maintenance, or to a combination of consolidation and maintenance versus maintenance or
consolidation alone. Interpretation of several of these trials is unclear because consolidation
was not the same in all arms.

The EGOG EST 3483 trial studied one cycle consolidation versus two years maintenance
(AraC + thioguanine) versus observation alone (321,322). Observation was inferior to
maintenance (OS 23% versus 45%, remission at two years 0% versus 16%) and was discontinued.
Consolidation resulted in improved OS and EFS compared with maintenance, although this was
statistically significant only for EFS in patients age <60 years (EFS 27% versus 16% overall,
p=0.068; EFS 28% versus 15%, p=0.047 age <60 years).

The MRC AML9 trial compared two courses DAT alternating with either two courses
MAZE (AMSA, AZA, etoposide) or two courses COAP (cyclophosphamide, vincristine, AraC,
prednisone); patients still in CR were again randomized to one year maintenance (AraC +
thioguanine then COAP) or none (156). They concluded MAZE gives better control (lower
relapse rate) but is more toxic, while maintenance conferred no advantage.

The AMLSG AML HD98B trial (245,246) compared IDA + etoposide administered iv for
one cycle (intensive; IDA 12 mg/m?/day for two days; etoposide 100 mg/m?/day for five days)
to oral maintenance for one year (IDA 5 mg/m?/day for five days; etoposide 100 mg/m?*/day
for two days for 12 courses) and found OS and cumulative incidence of relapse were better
for intensive consolidation (p<0.001 and p=0.002).

In the Southeast Cancer Study Group trial (314) and JALSG AML97 trial (315), adding
maintenance did not significantly improve outcomes. MRC AML11 compared one to four
courses consolidation, as well as interferon-alfa maintenance, and found no significant
differences (69).

In the ALFA-9802 trial (276,277,316,317), four cycles HDAC followed by four cycles
maintenance resulted in similar survival compared with consolidation with one cycle AMSA
then one cycle etoposide + MTZ + AraC, although HDAC was significantly better for EFS in
patients with intermediate or normal cytogenetics, as well as OS for intermediate-risk
cytogenetics. Severe adverse events were less in the HDAC arm. In the same trial, GCSF was
also found to improve EFS in patients with intermediate-risk cytogenetics.

In ALFA-9803 study consolidation (one cycle AraC + DNR) was compared with
outpatient maintenance (DNR or IDA + AraC over six months) (53,318) in patients age 265
years. Outpatient maintenance resulted in better OS and DFS as well as shorter
hospitalization and fewer transfusions. No effect was seen in the subset age 65 to 70 years,
but this may be due to the small number of patients.

The EORTC/GIMEMA AML8B trial (319) found that standard consolidation and
maintenance (AraC 200 mg/m?/day + DNR), compared with intensive consolidation (AraC 500
mg/m? q12h + AMSA then AraC 2 g/m? q12h + DNR), resulted in no difference in OS or RFS but
less treatment related mortality and toxicity; the intensive arm had lower four-year relapse
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(55% versus 75%, p=0.0003). The trial was stopped early due to the adverse effects in the
intensive arm.

The German AMLCG 1992 study gave one cycle consolidation with AraC + DNR +
thioguanine (TAD) to all patients, then randomized to monthly maintenance (AraC all courses;
plus DNR course 1, thioguanine (TG) course 2, cyclophosphamide course 3, TG course 4)
versus one course of intensive consolidation (AraC + MTZ [S-HAM]) (320). They found
maintenance resulted in better six-year RFS overall (31.4% versus 24.7%, p=0.0118) and for
subgroups age 16 to 60 years or poor risk; for age >60 years RFS was 18% versus 7% (p=0.1001).
Differences in OS were not statistically significant (six-year OS 25% versus 22%, p=0.159).
Freedom from relapse at five years was 39% versus 50% (p=0.664) in good-risk patients and
29% versus 17% (p=0.0092) in poor-risk patients.

Maintenance

Table 4-16 includes 29 trials of maintenance, of which 18 compare maintenance with
no maintenance. Four trials compared AraC with none. The Memorial Sloan Kettering L-19
trial suggested OS benefit, but included only 12 patients (192,194). HOVON AML-9 (198) and
AML-11 (199) trials in patients age >60 years found no difference in OS, while the AML-9 trial
found improved three-year and five-year DFS with AraC, and combined analysis of the two
trials found improved DFS as well.

IL-2 as maintenance therapy was evaluated in the ALFA-9801 (181), CALGB 9720 (332),
CALGB 19808 (331), and EORTC/GIMEMA AML-12 (EORTC 06991) (40,165) trials; overall they
found small and inconsistent effects. An individual patient meta-analysis (139) included these
trials along with a small trial of IL-2 after transplant (375) and the CCG-2961 trial in children
(376). It concluded that IL-2 alone is not an effective remission maintenance therapy. It had
access to unpublished data (except EORTC/GIMEMA AML-12 as it had only been published as
an abstract) and therefore could also look at various possible subgroups or factors and found
no benefit by age group (<21 years, 21 to 60 years, >60 years), sex, ECOG performance status,
karyotype, or AML subtype. While five-year data are now available for EORTC/GIMEMA AML-
12 and CALGB 19808 (instead of three-year data used in the meta-analysis), this is not
expected to change the conclusions. The MP-MA-0201 trial (91-94) was not included in the
meta-analysis as it used IL-2 and histamine dihydrochloride together compared with none and,
therefore, the effect of either agent alone could not be determined. This trial found three-
year and six-year leukemia-free survival (LFS) improved with IL-2 + histamine both overall and
in the subgroup of patients in first CR, but not those in subsequent CR. Differences in OS
were not statistically significant. The study was not powered to detect OS benefit. A
Bayesian meta-analysis (138) concluded that there is a 99% probability of benefit of IL-2 +
histamine dihydrochloride and there is 96% probability that this combination is superior to
IL-2 alone. The German AMLSG/SAL trial (333) found no difference between IL-2 doses of
either 9x10° 1U/m” or 0.9x10° IU/m”.

In JALSG [Japan Adult Leukemia Study Group] trials ubenimex was found to improve
0OS when given after induction (overall and in patients age >50 years but not <50 years) (328),
but did not improve DFS when given after other consolidation and maintenance (168).

Maintenance with GO in the SWOG 50106 trial found GO did not improve DFS (63).

Thioguanine improved OS (median 28 months versus 16 months) in a trial by Lofgren et
al (275) but there were only 30 patients and the publication indicates no conclusions can be
made.

In the SECSG trial with patients age >51 years (207), DNR + AraC had negative effect
on OS and RFS. In the GIMEMA GSI 103 AMLE trial with patients age >60 years (208) ATRA +
AraC did not significantly impact OS (HR=0.73, p=0.17). In the German AMLCG 1981 study
(323-326) with patients age =16 years, AraC combined with DNR, TG, or cyclophosphamide in
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alternating cycles improved OS and remission duration. The Russian AML-06.06 trial
(176,177,327) found AraC + mercaptopurine decreased probability of relapse (50% versus 83%,
p=0.07).

SWOG S$8124 (334) treated patients with consolidation and late intensification then
randomized to maintenance (or not) with the combination vincristine + prednisone + TG +
AraC. Maintenance reduced the risk of death or relapse, although the effects on seven-year
OS and seven-year EFS were not statistically significant (37% versus 31%, p=0.14 and 29%
versus 26%, p=0.18, respectively).

Two trials evaluated duration of maintenance therapy. The JALSG AML87 trial found
12 courses maintenance resulted in better DFS than four courses (297). Jacobs et al found 15
months maintenance resulted in longer remission duration (35 weeks versus 24 weeks)
compared with 6 months of maintenance (233), although the regimens were not the same.

The GOELAM SA-2002 study (335) found addition of the androgen norethandrolone
added to maintenance (IDA + AraC+ methotrexate + 6-mercaptopurine) improved OS in the
subgroup in CR and alive at one year. Differences in OS, EFS, and LFS were not statistically
significant.

Addition  of bestatin to  maintenance  (vincristine,  cyclophosphamide,
6-mercaptopurine, prednisolone alternating with BHAC-DMP) improved OS and remission
duration (p=0.021 and p=0.16, respectively) (336).

SWOG 7823 (213) compared continued maintenance (vincristine, AraC, and prednisone
extended from 9 to 12 months) or three courses late intensification (mercaptopurine,
vincristine, methotrexate, prednisone) and found better OS and DFS with late intensification
but also more severe or life-threatening toxicities (60% versus 21%, p<0.0001). Late
maintenance with levamisole had no significant effect on OS or DFS.

EORTC AML-6 (337) randomized patients to six courses at six week intervals of either
continued treatment with DNR + vincristine + AraC (same as induction/consolidation) or with
AMSA + alternating HDAC or AZA and found adverse effects in the AMSA arm and no difference
in DFS.

GIMEMA LANL 8201 (338) found no difference in DFS or OS between no further
treatment, 18 courses maintenance (AraC + TG) or intensive post-consolidation treatment
(two courses each etoposide, TG, DNR, with AraC in all courses) in patients with sufficiently
intensive induction + consolidation.

Small trials (<50 patients) found higher relapse with decitabine compared with low-
dose AraC (339); no difference in OS or DFS with DNR + vincristine + AraC compared with
HDAC + AMSA + alternating AZA or AMSA (340); and no significant differences in OS, remission
duration, or RFS with interferon compared with AraC + TG (341). Improved DFS and
probability of remaining in remission was found with AraC + ACR alternating with 6-
mercaptopurine and methotrexate (daily stanazol throughout) compared with etoposide +
AMSA then ACR + AraC then vincristine + 6-mercaptopurine then methylprednisolone +
methotrexate (342).

3. What is the most effective systemic treatment (reinduction, consolidation,
maintenance; not including stem cell transplant) for adults with relapsed or refractory
AML?

Results for 38 trials conducted in patients with relapsed or refractory AML are
summarized in Table 4-18. Most of these are trials involving randomization to reinduction
therapy. Two trials randomized patients to maintenance therapy if they had CR to second
(non-randomized) induction, five trials randomized patients to reinduction + consolidation,
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and one trial randomized patients to reinduction + maintenance. Most of the agents
evaluated for reinduction are the same as used in the induction trials (see Question 1). The
most common design is adding additional agents to AraC (with or without an anthracycline).

The VALOR trial (369,370) evaluated use of vosaroxin (with AraC in both arms) and
found improved CR (30.1% versus 16.3%, p=0.00001) and OS (median 7.5 months versus 6.1
months, p=0.06, adjusted p=0.02; censored for ASCT 6.7 months versus 5.3 months, p=0.03;
age >60 years, 7.1 months versus 5.0 months, p=0.003; but not for age <60 years, 9.1 months
versus 7.9 months, p=0.6). Mortality at 30 days was slightly higher (7.9% versus 6.6%) while
60-day mortality was 19.7% versus 19.4%. The study has only been published as abstracts.

A German AMLCG trial compared AraC at 3 g/m* q12h (days 1, 2, 8, 9) versus 1 g/m?*
(age <60 years) or 1 g/m? versus 0.5 g/m? (age >60 years), using MTZ in all arms (98). With
the patients age <60 years, the higher dose resulted in better CR (52% versus 45%, p=0.01) but
also more early deaths primarily due to infections. It was suggested outcome could be
improved with better supportive care. HDAC benefit was greater in patients age <60 years
with refractory AML or with early relapse (CR 46% versus 26%, p=0.05). In patients age >60
years there was no difference in CR; however, there was less difference in doses of AraC
used. The ELP1001 trial (348) also found higher rate of CR with higher dose AraC together
with cenersen + IDA (CR 21% versus 14% versus 8% for 1 g compared with 100 mg or none,
significance not indicated) but also more adverse events.

In the Classic | trial (102), clofarabine compared with placebo (both followed by AraC)
improved CR rate and EFS but not OS, with higher rates of serious adverse events (60% versus
49%, primarily infections and deaths). In another German AMLCG trial (104), fludarabine when
added to AraC + IDA resulted in higher CR, OS, and RFS, although the differences were not
statistically significant. Non-response was 26% versus 37% (p=0.054), and this was significant
in younger patients (age <60 years, 24.2% versus 39.5%, p<0.05). Fludarabine was associated
with more adverse events (bleeding, nausea/vomiting, pulmonary effects). Comparison of
clofarabine versus fludarabine (IDA and AraC in both arms) at the MD Anderson Center
(105,106) found CR rates of 43% versus 30% (ns) and 32% versus 25% in two studies.
Clofarabine resulted in worse four week mortality (16% versus 4%), more infections (47%
versus 35%, ns), and fewer grade 3 and 4 toxicities. Accrual of the second study is continuing.
In the UK MRC AML-HR trial (101), fludarabine + HDAC versus DNR + AraC + etoposide resulted
in no difference in CR, DFS, or relapse rate; however, four-year OS was 16% fludarabine/HDAC
versus 27% DNR/AraC (p=0.05). Authors suggested the fludarabine regimen may be inferior
but sufficient enrolment as indicated in powered calculations was not reached. Elacytarabine
compared with investigator choice from seven common salvage regimens was found to have
no clinically meaningful advantage (361).

Several trials compared anthracycline use. A Leukemia Intergroup trial (349) found
AMSA following HDAC resulted in much better CR (60% versus 19%, p=0.01) than HDAC alone
but also more severe toxicities. Median OS was six months versus two months (p=0.08).
Comparison of AMSA versus IDA (decitabine in both arms) found higher CR rate with IDA (45.5%
versus 26.7%) but more grade 3 and 4 toxicity; the authors indicated the study was too small
(n=63) to allow conclusions (350). A comparison of AMSA versus MTZ (AraC in both arms)
found no statistically significant difference in CR (46% versus 58%, p=0.42) or OS (median 8
months versus 12 months, p=0.33), but that MTZ was better tolerated (97). Pirarubicin was
found to result in better CR than MTZ (79% versus 56%, p=0.035; etoposide + AraC in both
arms) but with no difference in OS, RFS, and with less requirement for transfusions (351).
Comparison of IDA versus MTZ (carboplatin in both arms) found no differences in CR, OS, or
DFS (352). All these studies are relatively small (36 to 63 patients) and therefore apparent
benefits need confirmation. The SWOG 8326 trial (353) evaluated HDAC + MTZ and HDAC =
AMSA. The AMSA arm was closed early due to excessive toxicity (induction toxicity 29% AMSA
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versus 11% MTZ versus 7% HDAC alone). MTZ resulted in better CR than HDAC alone (44%
versus 32%, p=0.15, adjusted p=0.013) although no significant differences in OS or RFS. The
study was powered to detect a difference in CR and the authors suggested survival
conclusions were limited by the small number of patients (n=162).

Comparison of lomustine with placebo (with HDAC in both arms) found better
progression-free survival (PFS) with lomustine (median 54 days versus 34 days, p=0.002) but
higher 30-day mortality (11% versus 2%, p=0.016) and other serious adverse events (74% versus
51%, p<0.001) such that OS was lower (median 128 days versus 176 days, p=0.087) (364). CR +
CRp was better with lomustine (35% versus 19%, p=0.005); CR was similar overall, although
better with lomustine in patients age >60 years and worse in patients age <60 years. The
study was stopped early due to treatment-related mortality and the authors suggested
alternative doses or schedules should be explored to reduce toxicity.

CPX-351 compared with investigator choice (generally AraC + anthracycline) (358)
resulted in better but not significant improvement in CR (37% versus 32%), OS (p=0.19; p=0.02
for poor-risk subgroup), and EFS (median 4 months versus 1.4 months, p=0.08). CPX-351
patients had better 60-day and 90-day mortality; the data overall suggest possible benefit but
a need for further study.

Three trials evaluated cyclosporine A (CsA) use. CsA added to AraC + DNR + etoposide
in the UK MRC AML-R trial (100) or to MTZ + etoposide in the HOVON trial (359) had no benefit
(and worse outcome for patients age >60 years in the MRC trial). In contrast, the SWOG 9126
trial (75) found adding CsA to AraC + DNR improved OS, RFS, and rate of resistant disease; CR
was better after one course (38% versus 26%, p=0.032) but not significant after all courses
(39% versus 33%, p=0.14). Effect was greatest in subgroups P-glycoprotein positive (CR 46%
versus 26%; median RFS 17 months versus 7 months). It was suggested CsA reduces resistance
to DNR.

Etoposide added to low-dose AraC (10 mg/m* q12h sc) + ACR + GCSF (95) resulted in
improved CR overall (p=0.0002) and age <60 years (p=0.004) but the results did not reach
statistical significance for those age >60 years (50% versus 31%, p=0.16). CR was better with
etoposide for unfavourable-risk patients (60% versus 37%, p=0.009), while benefit was not
statistically significant for standard-risk patients (81% versus 65%, p=0.12) and favourable-risk
patients (93% versus 85%, p=0.50). There was no difference in five-year OS or grade 3 and 4
adverse events. A SECSG study (96) found etoposide added to HDAC improved OS for patients
age <50 years (p=0.036), while there was no effect on DFS. CR rates were 38% versus 31%
(ns).

In two JALSG trials, GCSF made no difference in EFS or DFS, while CR appeared
improved (54% versus 42% and 57% versus 39%) but statistical significance was not reported
(362,363). GCSF did not improve CR, OS, DFS, or relapse rate in the UK MRC AML-HR trial
(101). In the EMA91 trial, GM-CSF (in combination with MTZ + etoposide + AraC) resulted in
PFS of 33% versus 19% (p=0.08); differences in CR, OS, and DFS were not statistically
significant (99).

AEG35156 (with HDAC + IDA) did not improve remission; AS1411 (with HDAC) was
suggested to improve CR (21% versus 5%) (355) but a planned subsequent trial was terminated
(356); and ATRA (with IDA + AraC) was found to have no advantage (357). ATRA did not
improve CR, OS, DFS, or relapse rate in the UK MRC AML-HR trial (101). Lestaurtinib (with
chemotherapy, either MTZ + etoposide + AraC or AraC alone) was found to have no benefit in
CR or OS in the Cephalon 204 trial (365). Quinine (together with MTZ + AraC) had no benefit
for CR in a GOELAM trial (366). Lintuzumab (with MTZ + etoposide + AraC) resulted in no
difference in CR or OS (17). PCS-833 was evaluated in the ECOG E2995 trial and no difference
was found for OS or DFS, while CR was worse with PSC-833 (although not statistically
significant); the trial was closed early because of lack of superiority (18). An ECOG study
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(367) did not find a difference in CR, OS, or adverse effects between AraC + GO versus AraC +
liposomal DNR versus cyclophosphamide + topotecan + mesna, but none of the regimens was
effective enough to study further (CR 8%, 7%, 4%). The ECOG E1906 trial (368) did not find a
significant difference in CR (CR 6% versus 17% versus 10%; CR + CRi 14% versus 28% versus 15%)
between carboplatin + topotecan versus FLAM (flavopiridol + AraC + MTZ) versus sirolimus +
MTZ + etoposide + AraC. The sirolimus arm was discontinued early due to lower response
rate. The authors suggested FLAM was excessively toxic in elderly but may be suitable in
some younger patients. This was a phase Il trial of 91 patients and did not report survival
results.

The ECOG E5483 trial (372) and a GIMEMA trial (373) evaluated low-dose AraC
maintenance and IL-2 maintenance, respectively, in patients with relapsed or refractory AML
with subsequent CR. AraC (10 mg/m? sc q12h) resulted in non-significant increases in OS
(10.9 months versus 7.0 months, p=0.615), DFS (7.4 months versus 3.3 months, p=0.084), and
LFS (7.9 months versus 3.7 months, p=0.084), although on an as-treated basis LFS was
significantly improved (7.7 months versus 3.1 months, p=0.027). The GIMEMA trial found
improvement with IL-2 (RFS 17% versus 0%, one-year DFS 42% versus 15%), but did not reach
its accrual goal and results are based on 32 patients such that statistically meaningful
comparison could not be made.

4. Which patient characteristics are most important when making treatment decisions?

During the planning stages of the systematic review it was decided to focus on RCTs,
while acknowledging that RCTs might not provide the best source of evidence on patient
characteristics. RCTs are usually conducted in a well-defined and often narrow patient
population and as such are not designed to investigate treatment according to patient
characteristics, other than in subgroup analysis (often retrospectively).

For AML, age is often used as a determinant of treatment, and several studies dealt
specifically with a patient subset determined by age (young, elderly). Because of the
inclusion criteria, trials that accepted patients of a specific age range can provide only
limited information regarding whether age is a factor in response. For this review, all studies
in adult patients were included, and the inclusion criteria regarding age, as well as median
age (when stated) are included in the data tables. When differences in outcome were found
according to age ranges, this is also noted in the tables. Specifically excluded were studies of
induction therapy in patients (generally elderly) considered unable to tolerate standard (AraC
+ anthracycline) therapy.

Some treatments were found to be of benefit in only a subset of patients (age,
cytogenetic risk or subtype); however, the trials were usually not powered to detect
differences in subgroups. The available data are included in the tables and summarized
under Questions 1 to 3. In many cases trials were conducted in a subset of patients, it was
assumed during study design that certain factors were important, or prognosis was found to
be better in certain subsets of patients, but the RCTs were not designed to directly determine
which of these factors should guide treatment.

Due to the above limitations, this review, while commenting on some characteristics
related to treatment, is not sufficient to address this question. Several guidelines on
treatment of AML have included sections on patient factors including age, comorbidities,
cytogenetic abnormalities and associated risk category, and response to previous treatment.
The most recent are the NCCN guideline (10), the Canadian consensus guideline for older
patients (24), and the ESMO guideline for diagnosis, treatment and follow-up (25). Older but
comprehensive management guidelines from Britain (26), Italy (27), and the European
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LeukemiaNet (2) are also relevant. The reader is referred to these documents for further
details.

Ongoing, Unpublished, or Incomplete Studies

As noted earlier, incomplete or ongoing studies found in the literature search are
listed in Table 4-13 and Table 4-17. No specific search was done for planned or ongoing
trials. Since 2005, the International Committee of Medical Journal Editors (ICMJE) decided
trials would not be included for publication unless included on a clinical trials registry
(http: //www.icmje.org/about-icmje/faqgs/clinical-trials-registration/). Therefore, most
recent major trials are expected to be listed in one or more registries, such as
www.clinicaltrials.gov, www.ISRCTN.org, or other primary registries that participate in the
World Health Organization International Clinical Trials Portal
(http://www.who.int/ictrp/network/primary/en/). A Canadian-based registry for cancer
trials is also available at Canadian Cancer Trials.

For this document, induction trials are not considered incomplete if recruitment is
finished and CR data are reported, even if long-term follow-up may result in additional
survival data. A note that follow-up is ongoing has been included in the data tables if stated
in the publication citied. Due to high rates of recurrence and poor long-term survival rates,
follow-up for a period of one to three years was generally considered sufficient and longer-
term data are not expected except in some of the largest studies.

DISCUSSION

Induction in de novo AML

Most trials of induction therapy were based on AraC + anthracycline, sometimes with
additional chemotherapy agents. A smaller number of trials compared completely different
regimens. As AraC + anthracycline has long been the standard therapy, it is noted several
studies evaluated different doses of these compounds. HDAC (generally 1-3 g/m? q12h) was
compared with standard-dose AraC (100 or 200 mg/m?/day continuous infusion). The relative
benefit of HDAC was not consistent. The high-dose AraC was found to be more effective in
some studies but with a trade-off of adverse effects including early mortality, especially
noted for elderly patients. The largest and most recent trial (EORTC/GIMEMA AML-12) found
improved CR with HDAC compared with standard-dose AraC in patients receiving DNR +
etoposide (all patients, and subgroups age <46 years or age >46 years). OS was also improved
overall and in patients age <46 years, with similar trends for EFS and DFS. There was no
difference in survival for patients age >46 years. The authors indicated that patients with
secondary AML, very-bad-risk cytogenetic abnormalities, and/or FLT3-ITD (internal tandem
duplication) mutation benefited with HDAC. There was no difference in induction deaths or
non-hematologic toxicities (except conjunctivitis). While the German SAL 60plus trial
(patients age >60 years) compared AraC (2 g) + MTZ (10 mg) with AraC (100 mg) + DNR (45
mg), and therefore the relative effect of AraC compared with choice of anthracycline is
unclear, both regimens were found to be of equal efficacy and toxicity (159)°. Data are not
clear as to whether there is an optimal dose in the range 100-400 mg/day. The review by

® Final results were presented at the December 2015 ASH conference; the abstract (160)
indicates RFS curves were the same until one year, after which they separate such that three-
year RFS rates were 14% AraC + MTZ versus 29% DA. As the two arms received different
consolidation treatments, differences may be due to consolidation.
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Braess et al (124) suggested AraC efficacy is dose and schedule dependent, and that a
weighted plasma concentration and exposure times characterize the cytotoxic effect.

Addition of cladribine or fludarabine to induction with AraC + anthracycline (DNR or
IDA) has been evaluated. Addition of cladribine improved CR and survival, although when
subdivided by age the OS benefit was significant for patients age 50 to 60 years (65) and EFS
benefit significant for patients age >40 years (170); differences for younger patients were not
statistically significant. Addition of fludarabine did not result in significant differences.
Other regimens containing fludarabine (FLAG + IDA; FLAI) were found to be effective,
although direct comparison to the same regimen without fludarabine were not made. The
NCRI trial (67) and EORTC/GIMEMA AML-14A (68) found clofarabine and AraC resulted in
similar adverse effects, CR, and survival outcomes. A recent non-randomized trial by Becker
et al (377) evaluated clofarabine + HDAC (2 g/m*/day) after GCSF priming in 39 patients with
AML and 11 patients with MDS or myeloproliferative neoplasm and found a CR rate of 76% (85%
for patients without an antecedent hematologic disorder) and median OS of 24 months.

Trials compared doses of DNR in the range 30-90 mg/m?/day together with AraC.
ECOG E1900 (41,42), HOVON 43 AML(45,46), and Lee et al (44) compared 90 mg/m?/day
versus 45 mg/m?/day and all found higher response rate and better survival with the higher
dose. In the HOVON trial, the CR, OS, and EFS benefit was found in patients age 60 to 65
years but there was no statistically significant difference for patients age >65 years. Higher
dose was also beneficial in patients with CBF abnormalities. In the ECOG trial, benefit
existed for all risk subgroups and was greater in patients age <50 years compared with age 50
to 60 years. In the trial by Lee et al, the survival benefit when analyzed by risk subgroups was
only significant in the intermediate-risk subgroup. AML17 (47) found no difference in CR or
two-year OS or two-year RFS between 90 and 60 mg/m?/day but more adverse effects (death
within 60 days, primarily due to infection or resistant disease; gastrointestinal toxicity) in the
90 mg arm. While the authors did not account for the increased numbers of deaths due to
resistant disease and unknown cause of death in the 90 mg arm, this seems suspicious and
may be due to the unique study design whereby randomization to 90 versus 60 mg/m?* was for
only one course, followed by second or third randomization according to risk classification.

Several trials compared IDA with DNR, or MTZ with DNR. IDA was found to result in
better CR and OS. The CR benefit also held when IDA was compared with high-dose DNR, in
contrast to results in a recent mixed-treatment comparison meta-analysis (48). MTZ also
resulted in better CR than standard-dose DNR; studies comparing MTZ with high-dose DNR
were not found. Several other anthracyclines have been studied; however, at present, none
have sufficient data to indicate their use outside of clinical trials.

Etoposide has been evaluated together with AraC and anthracyclines (primarily DNR).
Meta-analysis of all studies found no difference in CR with or without etoposide; however, it
was noted that only the MRC AML11 trial was conducted in primarily older patients. Excluding
this study, etoposide was found to result in improved CR, although with only small (non-
significant) differences in survival. Some trials suggest etoposide may cause faster remission.
The benefit of improved CR must be weighed against higher rates of gastrointestinal adverse
effects found in some trials.

When added to AraC + DNR, cladribine had significant CR and OS benefit, whereas
fludarabine effect was smaller and not significant (65). This suggests that adding fludarabine
to a standard AraC + anthracycline may not be beneficial. However, fludarabine-containing
regimens were found to be effective in indirect comparisons. The MRC AML15 trial (6,7)
found FLAG-IDA (fludarabine + AraC + GCSF + IDA) to be an effective induction regimen with
slightly better outcome than with DNR + AraC (CR 84% versus 78%; RFS 45% versus 35%;
significance not given). The improvement may be attributed to IDA, fludarabine, or both.
FLAG-IDA compared with ADE (AraC + DNR + etoposide) had slightly better (not significant) CR
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(84% versus 81%, p=0.2), OS (44% versus 37%, p=0.2) and better RFS (45% versus 34%, p=0.01)
but increased death in remission (17% versus 11%, p=0.02). Russo et al (8,9) found FLAI
(fludarabine + AraC + IDA) resulted in better CR than ICE (IDA + AraC + etoposide), with CR
74% versus 51% (p=0.01) and fewer adverse effects, although differences in survival were not
significant.

Results for induction with ATRA are mixed. There appears to be benefit for specific
molecular subgroups (mutant NPM1, ELN-favourable subtypes), but full publication and
possibly additional trials are required.

Meta-analyses found GO did not influence CR. GO at 6 mg/m? resulted in worse 30-day
mortality, although caused no difference at 3 mg/m?. GO improved RFS, and improved OS
when used at 3 mg/m?. GO at 6 mg/m? resulted in worse OS in patients age >70 years in the
EORTC/GIMEMA AML-17 trial (64). Hills (57) found GO improved OS in subgroups with
favourable or intermediate cytogenetics, but not adverse cytogenetics. FLT3 and NPM1
mutation status had no effect.

Meta-analysis by Sung et al (71) and Heuser et al (72) found routine CSF use did not
improve response or long-term outcomes. CSF may have a role in supportive care (outside the
scope of this review) but should not be given routinely as part of induction chemotherapy.

CsA was evaluated in two small groups of patients with s-AML or therapy-related AML
(t-AML). The Hellenic trial (74) included patients age >60 years with s-AML, and found CsA
improved CR, OS, and DFS. The SWOG 9126 trial (75) included patients age 18 to 70 years
with poor-risk AML; most were refractory or relapsed, but 17% had s-AML or t-AML. In these
previously untreated patients, CsA improved OS and RFS. Both trials are small but suggestive
of CsA benefit in s-AML. They do not address use of CsA in the broader AML population.

Several other agents were evaluated in RCTs. Flavopiridol (378), homoharringtonine
108), ACR (54,55), and lomustine (82,83) appear to be of benefit. A phase Ill trial of
flavopiridol is planned, while the LAMSA 2007 trial of lomustine is completed but not yet
published’. ACR is effective but the optimal dose was not determined and relative efficacy
compared with DNR is unclear. In the trial of homoharringtonine (56), homoharringtonine +
AraC + ACR resulted in better CR, EFS, and RFS compared with DNR + AraC (DA). The relative
benefit of homoharringtonine and ACR is uncertain. Sorafenib improved EFS and RFS in
patients age 18 to 60 years but resulted in more adverse effects®. It resulted in lower (but not
statistically different) CR, OS, and EFS in patients age >60 years. PSC-833, AZA, vincristine,
amonafide, bevacizumab, IL-11, lisofylline, quinine, topotecan, thalidomide, valproic acid,
and zosuquidar were found to be of no benefit.

" The LAMSA 2007 results were released (subsequent to this review) as an abstract at the ASH
conference in December 2015 (see ongoing trials, Table 4-13).

® Note full results of the SORAML trial (305) were published subsequent to this review and
additional details have been added to Table 4-12. The publication confirms the results in the
abstract that it improved EFS (the primary outcome) and RFS. OS (a secondary outcome) was
63% versus 56% at three years (not significantly different); it was noted that median OS was
not reached and longer follow-up was required. This was a phase Il trial and the authors
indicate a confirmatory trial is needed. Exploratory analysis in patients with FLT3 duplication
mutations did not find statistically significant differences, although did indicate the benefit in
the overall study was not due to this subgroup. We have also become aware of a non-
randomized trial in older patients (age > 60 years) with FLT3-ITD AML reported at ASH
2015(379); it found sorafenib added to chemotherapy doubled one-year OS (62% versus 30%,
p<0.001). The various studies together suggest benefit of sorafenib but are inconclusive as to
whether there are differences due to age or FLT3 mutation status.
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Post-Remission Therapy

Almost all patients in CR will relapse without further treatment. Options include
hematopoietic stem cell transplantation (with or without consolidation treatment), or
consolidation/maintenance treatment. While several RCTs have compared allogenic or
autologous transplant to chemotherapy, issues related to transplantation and when it should
be considered are outside the scope of the current review, and other guidelines or reviews
should be consulted (10,12,24,28,29).

Consolidation

In contrast to induction treatment, there does not appear to be an accepted standard
for post-remission chemotherapy regimens, and many are considered equivalent. Trials
including the ECOG EST 3483 trial (321,322) found consolidation or maintenance were better
than observation (0% of observation patients still in remission at two years). In other trials
with a no treatment arm, survival was low in HOVON 43 AML/SAKK 30/01 (five-year DFS of
16% (45,46)) and NCRI AML16 (three-year RFS of 21% (67)). In contrast, CALGB 8525 found
four-year OS of 46% with HDAC consolidation (34) and JALSG AML201 found five-year OS of
58% with HDAC (86), suggesting that post-remission therapy has potential for long-term
survival.

The CALGB 8525 trial (34,35) is cited by the NCCN (10) as well as other guidelines as
the basis of recommendations to use HDAC in younger patients (age <60 years). Four cycles of
AraC at 100 mg/m?*/day, 400 mg/m?/day, and 3 g/m* q12h were compared as consolidation
therapy. The HDAC resulted in better OS and DFS for patients age <60 years, while there was
no difference between doses for patients age >60 years. The majority of older patients (age
>60 years) could not tolerate the high dose and 32% had serious central nervous system
abnormalities. The benefit of HDAC regarding continuous CR at five years was significant for
CBF-AML and normal karyotype AML; it was less clear for other subtypes (21% HDAC versus 13%
low-dose AraC).

Limited studies were found that allowed assessment of anthracycline or other agents
added to HDAC. Indirect evidence comparing results from the SAKK trial (85) and CALGB 8525
suggests anthracycline may not be necessary. Both trials had similar survival rates despite
the fact that anthracycline (DNR) was used in the SAKK trial and not the CALGB trial. It is
noted, however, that the SAKK trials only gave one course of consolidation treatment
compared with four courses in the CALGB trial. Other trials (89,90) evaluating addition of
various other agents found no improvement compared with HDAC alone.

HDAC results in more adverse effects than AraC at lower doses, and therefore may not
be suitable for some patients. In these cases, use of standard-dose AraC together with
anthracyclines as for induction may be preferred. The JALSG AML201 trial compared three
courses of HDAC at 2 g/m? q12h to standard-dose combination chemotherapy with AraC at 100
mg/m?/day (four courses: MTZ + AraC, DNR + AraC, ACR + AraC, etoposide + vindesine + AraC)
(86). They found both were tolerated with difference in OS, although HDAC resulted in better
DFS in the subgroup with favourable cytogenetics.

Several of the British MRC trials have used MACE (AMSA [100 mg/m?/day, days 1 to 5] +
AraC [200 mg/m?/day Cl, days 1 to 5] + etoposide [100 mg/m?*/day, days 1 to 5]) followed by
MidAC (MTZ [10 mg/m?/day slow iv days 1 to 5] + AraC [1 g/m? by 2h iv infusion q12h, days 1
to 3]) for consolidation. The MRC AML15 trial (7) found MACE->MidAC resulted in better
survival than HDAC for patients with adverse-risk (unfavourable) cytogenetics (OS 39% versus
0%, p=0.0004; deaths OR=3.17, confidence interval 1.68 to 5.97). Patients with more than
15% residual blasts in a marrow sample taken at least 18 to 21 days from the end of course
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one were defined as high risk irrespective of cytogenetics. No survival differences were found
for favourable or intermediate subgroups, but MACE->MidAC resulted in more adverse effects.

Duration of consolidation was studied in four trials. The MRC AML14 trial found that
there was no difference between one and two courses of consolidation after two courses DNR
+ AraC induction (76,77). The GOELAM BGMT-95 trial found no difference between one or two
courses of consolidation followed by maintenance (82,83). Elonen et al found no difference
between one and six cycles of consolidation (84). The MRC AML11 trial found no difference
between one and four courses of consolidation (69). These trials all suggest that simply
adding additional cycles of consolidation is not generally beneficial. The CALGB 8525 trial
(see earlier in this section) found HDAC consolidation superior to lower doses when given for
four cycles. As the studies comparing duration used combination treatment (including AraC +
anthracycline), the optimal number of cycles using HDAC alone was not addressed.

The effects of consolidation and induction may be interdependent, as suggested in an
abstract of the NCRI AML16 trial (67). This trial administered two cycles of induction with
AraC (100 mg/m* g12h) + DNR (50 mg/m’/day) and then either an additional cycle as
consolidation (of shorter duration than for induction) or no further treatment and found no
difference in OS or RFS. When induction dosage is low (administered for only one cycle or
using low-/standard-dose AraC) consolidation may play a larger role in overall patient
outcome.

Maintenance

Studies evaluating the use of maintenance therapy found conflicting results. Overall,
they suggest that maintenance treatment will benefit some patients, but studies are
insufficient to determine selection of patients who will benefit most, or to decide on the
most appropriate treatment. GIMEMA LANL 8201 (338) found no difference in DFS or OS
between no further treatment, 18 courses maintenance (AraC + TG) or intensive post-
consolidation treatment (2 courses each etoposide, TG, DNR, with AraC in all courses) in
patients with sufficiently intensive induction + consolidation. In contrast, the HOVON AML-9
trial alone or combined with the HOVON AML-11 trial found low-dose AraC maintenance (10
mg/m? sc q12h for 12 days every 6 weeks) after consolidation improved DFS but not OS (198).
In the German AMLCG 1981 study (323-326) with patients age >16 years, AraC combined with
DNR, TG, or cyclophosphamide in alternating cycles improved OS and remission duration. The
Russian AML-06.06 trial (176,177,327) found AraC + mercaptopurine decreased probability of
relapse (50% versus 83%, p=0.07). IL-2 plus histamine in the MP-MA-0201 trial (91-94),
ubenimex (168) in JALSG trials, and bestatin added to maintenance (336) were found to be of
benefit.

SWOG S$8124 (334) treated patients with consolidation and late intensification then
randomized to maintenance (or not) with the combination vincristine + prednisone + TG +
AraC. Maintenance reduced the risk of death or relapse, although the effects on seven-year
0OS and seven-year DFS were not statistically significant (37% versus 31%, p=0.14 and 29%
versus 26%, p=0.18, respectively).

Two trials evaluated duration of maintenance therapy. The JALSG AML87 trial found
12 courses of maintenance resulted in better DFS than four courses (297). Jacobs et al found
15 months of maintenance resulted in longer remission duration (35 weeks versus 24 weeks)
compared with six months of maintenance (233), although the regimens were not the same.

SWOG 7823 (213) compared continued maintenance (vincristine, AraC, and prednisone
extended from 9 months to 12 months) or three courses late intensification (mercaptopurine,
vincristine, methotrexate, prednisone) and found better OS and DFS with late intensification
but also more severe or life-threatening toxicities (60% versus 21%, p<0.0001).
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The ongoing QUAZAR AML-001 trial is studying oral AZA as maintenance therapy in
patients age =55 years (https://clinicaltrials.gov/ct2/show/NCT01757535).

Relapsed or Refractory AML

A recent review of current treatment strategies by Ramos et al (380), as well as other
practice guidelines cited earlier suggests there is no current standard of care for relapsed or
refractory AML. The variety of agents used in both comparison arms of the trials in Table 4-
18 also suggests there is no standard or consensus on the most appropriate treatment. Many
of the trials did not report survival outcomes, or reported only median results. Outcomes
were generally poor, with several trials reporting CR rates of <10% to 20% and median survival
generally two to six months. However, some trials reported CR rates in the range 40% to 70%
and improved longer-term survival. The higher rates were often in both arms of the study,
suggesting relative effectiveness of the comparison arm compared with regimens used in
other trials but not necessarily improvement due an additional agent. As such, evidence for
benefit of some regimens is considered indirect. Some of the most effective regimens are as
follows:

e AraC + MTZ: CR of 58% and median survival of 12 months in a trial by Martiat et al (97)
o AraC + MTZ + etoposide +GM-CSF: CR 65% versus 59% (51% versus 46% refractory, 89%
versus 81% relapsed); median OS 303 days versus 254 days (ns); median DFS 251 days

versus 240 days (ns) in the EMA91 trial (99)

e AraC + DNR + etoposide (ADE): 54% CR, three-year OS 12%, three-year DFS 22% in the

UK MRC AML-R trial (100)

e AraC + DNR + etoposide (ADE): 63% CR, four-year OS 27%, four-year DFS 29% in the UK

MRC AML-HR trial (101)

e AraC + pirarubicin + etoposide 79% CR; MTZ + AraC + etoposide CR 56%; median OS

approximately 20 months with no difference between arms (351)

e Low-dose CAG (AraC + ACR + GCSF) + etoposide: CR 71% versus 51%, five-year OS 27%

versus 24% (95)

e MTZ + etoposide: CR 43%, five-year OS 11% and five-year DFS 20% in the HOVON trial

(359)

Based on the above summary of trials, anthracycline + AraC + etoposide appears to be
the strategy with the most evidence. The relative importance of etoposide is unclear;
however, it was used in most of the studies listed above and therefore should be considered.
Regarding anthracyclines, MTZ and DNR are considered standard. Low-dose CAG + etoposide
appears to be an effective alternative, although it was not compared directly with the other
regimens. While pirarubicin results are promising, the trial (351) included only 56 patients; it
was published in Chinese with an English abstract and could not be fully evaluated.

Etoposide added to low-dose AraC (10 mg/m* q12h sc) + ACR + GCSF (95) resulted in
improved CR overall (p=0.0002), age <60 years (p=0.004), and for unfavourable-risk patients
(p=0.009). There was no difference in five-year OS or grade 3 and 4 adverse events. A SECSG
study (96) found etoposide added to HDAC improved OS for patients age <50 years (p=0.036),
while there was no effect on DFS. CR rates were 38% versus 31% (ns).

Clofarabine and fludarabine are other agents with evidence of efficacy. In the Classic
| trial (102), clofarabine (40 mg/m?*/day for five days) + AraC (1 g/m?/day) compared with
AraC alone improved CR rate (35.2% versus 17.8%, p<0.01) and EFS but not OS, with higher
rates of serious adverse events (60% versus 49%, primarily infections and deaths). A recent
non-randomized trial by Becker et al (103) evaluated clofarabine + HDAC (2 g/m?/day) after
GCSF priming in 46 patients with relapsed or refractory AML and found a CR rate of 46% and
median OS of nine months. Treatment-related mortality was 12%, with all cases due to
infections. Studies so far suggest small improvements adding fludarabine to AraC + IDA (104).

Section 4: Systematic Review - February 2, 2016 Page 58


https://clinicaltrials.gov/ct2/show/NCT01757535

Two studies using IDA + AraC in both arms compared addition of clofarabine versus
fludarabine (105,106) and found CR rates of 43% versus 30% (ns) and 32% versus 25%.
Clofarabine resulted in worse four-week mortality (16% versus 4%), more infections (47%
versus 35%, ns), and less grade 3 and 4 toxicities. A further trial is ongoing. Based on the
above trials, the NCCN suggested clofarabine + AraC + GCSF + IDA as an appropriate regimen,
while it suggests fludarabine + AraC + GCSF + IDA based on a non-randomized trial (13).

Cladribine used in the regimen cladribine + AraC + GCSF + MTZ or IDA has also been
recommended by the NCCN (10) based primarily on non-randomized trials (107,108).
Cladribine use is supported by the review by Robak and Wierzbowska (109), as well as trials in
de novo AML patients (65,66).

Patient Characteristics

Several guidelines on treatment of AML have included sections on patient factors
including age, comorbidities, cytogenetic abnormalities and associated risk category, and
response to previous treatment. Appelbaum et al (381) retrospectively studied patients from
five SWOG trials and found the cytogenetic profile of AML patients differed with age. In
patients age <56 years, 17% had favourable cytogenetics (e.g., t(8:21) or inv(16)), while this
decreased to 4% in patients age >75 years. Similarly, unfavourable cytogenetics increased
from 35% for patients age <56 years to 51% for age >75 years. While this partially accounted
for differences in treatment response, within each subgroup treatment still deteriorated with
age. Older patients had poorer performance status, lower white blood cell counts, and higher
multidrug resistance. In the subgroup of patients with excellent performance status age had
a small effect on early death (2% age <56 years versus 14% age >75 years). In patients with
performance status of 3, age was a very important factor: no patients age <56 years died,
while 47% age 66 to 75 years and 82% age >75 years died within 30 days of initiation of
induction. Elderly patients tend to have more comorbidities that may exclude them from
intensive treatment and, thus, RCTs of these patients are rare. Further investigation by this
group suggested that variants in DNA repair pathways in older adults may have an impact on
both outcome and treatment-related toxicities (382).

Analysis of three JALSG trials found worse survival for patients age >50 years, and this
was due to higher relapse rates (383). There were no significant differences among patients
age 50 to 54 years, 55 to 69 years, or 60 to 64 years, and the authors concluded that intensive
chemotherapy without dose attenuation could be used in fit elderly patients at least up to
age 64 years.

In the current review, several studies found elderly patients did worse than younger
patients but generally were not able to comment on whether a given treatment was still
effective in elderly patients. Molecular analysis/cytogenetics is a relatively new field, and
these would not have been considered in older studies or would have been measured
differently, so that that useful data are limited. While some studies reported results
according to cytogenetic risk group, and chemotherapy effects may have been greater in
certain groups, individual trials were generally not designed to determine effectiveness for
different cytogenetic groups and were underpowered to find significant differences due to
treatment. As such, results are suggestive of areas for further research but not sufficient to
make recommendations.

The European LeukemiaNet proposed a standardized reporting system for correlation
of cytogenetic and molecular genetic data with clinical data with genetic group categories of
favourable, intermediate-l, intermediate-ll, and adverse (2). Rollig et al (384) assessed this
classification in a cohort of 1557 patients from the AML96 trial and concluded it was the best
available framework for younger patients (<60 years) but that alternative prognostic factors
were required for the intermediate categories for older patients. An evaluation by
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Alpermann et al (385) in 954 patients found no differences in outcomes for intermediate-I
versus intermediate-Il subgroups and proposed a revised classification: favourable (CBF
leukemias, or intermediate cytogenetics with NPM1mutation [mut] or biallelic CEBPAmut),
intermediate | (intermediate cytogenetics), intermediate Il (intermediate cytogenetics and at
least one of the following: MLL-PTD, RUNX1mut, FLT3-ITD/wt ratio >0.5), and adverse
(adverse cytogenetics).

An international group from USA, Germany, and the Netherlands proposed a 24-gene
prognostic signature improving on the European LeukemiaNet classification (386). They used
four training sets and two validation sets to develop the signature that divides patients into
three risk groups with significantly different OS and EFS (p<0.001). The authors proposed this
gene signature be used along with a limited number of cytogenetic and molecular
abnormalities recommended by the European LeukemiaNet. A large prospective validation
trial is still required to confirm the findings.
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Table 4-1. Induction, cytarabine dose or comparison

Back to Recommendations

Back to Results

Back to Discussion

Trial name(s) or

Number of

Phase randomized;

0S; other survival outcomes

Statistical power

location, patients 'an.d ma]or' comp?msgon Arms or comparison CR (EFS, DFS, RFS) Other outcomes and analysis Conclusion
enrolment, source characteristics for induction
CALGB 8321; 326 Induction + AraC 200 mg/m? vs AraC 100 mg/m? for induction and 64% (A200) vs 0S: Median 38 w vs 46 w, Median time to NR Does not
1982-1986 AML; stratified maintenance maintenance 58%, p=0.29 p=0.64 remission 6.7 w vs suppo'rt .
Dillman, 1991 by age 60 y; AraC dose: 200 mg | Cycle 1 included AraC (200 or 100 mg/m?/d Cl, d 1-7), DNR (45 | Age <60: 75% vs | 5-y OS 10% vs 8% 8.1w. Early superiority
(116) after June 24, vs 100 mg mg/m?/d iv, d 1-3; 30 mg/m? age 60), Cycle 2 if needed at 64%, p=0.08 Age <60: 65.0 w vs 53.7 w therapy-related of A200 over
1984 assigned same dose: AraC (d 1-5) + DNR (d 1-2) . _ ’ deaths 21% vs 13%, A100; pts
t 60 Age >60: 38% vs p—01 59 p=0.05 with
pts age 260 y . ) N .
only to AraC 100 If CR t.hen reFe1ved monthly sc AraC at samg dose as previously 44%, p=0.68 Age 260: 9.6 w vs 11.0 w, performance
+ 6-thioguanine (m 1 and 5), VCR and prednisone (m 2, 4, 6, 8), -0.227 status of 0
arm p=9.
DNR (m 3, 7)
- . and <60y
Median DFS: 41 wvs 44 w,
had better
p=0.86 .
survival
better on
A200
MRC AML12; 2934 Induction; B. After Amendment (n=1193) 68% H-DAT vs 0S: 31% H-DAT vs 32% S-DAT, Induction deaths NR No benefit
I159};C4T;l(;(32833622; Age <60y, consolidation DNR + AraC + TG: high (double) vs standard AraC dose 69? Z-DAT, p=0.8 E‘j/:_ll_-lDA(';' ;/s 7% S- Zor lcnzreased
- : . p=0. T ) , p=0. raC dose or
median 41y, de AraC dose: 400 mg Both groups randomized to ATRA (45 mg/m?, d 1-60) vs none RFS: 31% H-DAT vs 30% S-DAT, s for ATRA
Burnett, 2010 novo or s-AML/t- | vs 200 mg s p=0.7 Significantly longer
(153’154) AML, (n=239) (ATRA) H-DAT 3+1(§ — H-DAT 3+8: DNR (50 mg/m , 2d 1,3, 5) + AraC hematologic
and high-risk (200 mg/m*, q12h, d 1-10) + TG (100 mg/m” q12h, d 1-10); then recovery time and
MDS same but AraC and TG, d 1-8 more antibiotic use

S-DAT 3+10 — S-DAT 3+8: DNR (50 mg/m?, d 1, 3, 5) + AraC (100
mg/m?, q12h, d 1-10) + TG (100 mg/m? q12h, d 1-10); then
same but AraC and TG, d 1-8

Both Phases A & B

Randomized consolidation if CR (n=992): MACE then randomized
to 1 (MidAC) or 2 further courses (ICE then MidAC)

with H-DAT
(compared with S-
DAT). H-DAT
induced
significantly
greater
gastrointestinal
toxicity

® Results for agents in parentheses are reported in the relevant tables
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Trial name(s) or
location,
enrolment, source

Number of
patients and
characteristics

Phase randomized;
major comparison
for induction’

Arms or comparison

CR

0S; other survival outcomes
(EFS, DFS, RFS)

Other outcomes

Statistical power
and analysis

Conclusion

China; 2007-2013 297 Induction + Standard vs attenuated AraC + DNR CR+CRi 58.2% 5-y 0S 24 m vs 39 m, p<0.001 Early mortality NR
Huang, 2014 Age 65-82y, de | consolidation Standard: 2 cycles DNR (45 mg/m?, 3 d) + AraC (100 mg/m2cCl, | ¥523-1%, PFS 23 m vs 35 m, p<0.001 7.1% vs 0.64%,
(147) novo or s-AML, | AraC dose + DNR | 7 d) induction then 2 cycles DNR (45 mg/m?, 3 d) + AraC (100 p=0.60 p<0.01
Karnovsky dose: AraC 100 mg | mg/m?, 7 d) then 4 cycles HDAC (1.5 g/m?, 4 d) No overall
performance vs 75 mg Attenuated: 2 cycles DNR (30 mg/m?, 3 d) + AraC (75 mg/m? Cl, response: 2.1% vs
status score 260 7 d) induction then 2 cycles DNR (30 mg/m?, 3 d) + AraC (75 13.5%
mg/m?, 7 d) then 4 cycles HDAC (1 g/m?, 4 d) Longer time to
neutrophil recover
(>1.5x10°/L;
p<0.001) and more
grade3+ infections
(p<0.001) with
standard dose
Russian; 1989- 16 Induction AraC + DNR (std dose) vs AraC + DNR (low dose) 50% vs 37% 2-y0S25+6.9wvs41.9 ¢ Profound NR Std dose may
1991 Age >60 y, DNR dose + AraC | Std dose: AraC (100 mg/m?, q12h iv, 7 d), DNR 45 mg/m? iv, 3 15.6 w, p=0.34 neutropenia be used in
Parovichnikova, median 65y, dose: 200 mg vs d) [DNR reduced to 30 mg/m? in 3" year] juratlon fo ddvz 1d3 elderly pts
course 1 an
1992 (155) AML 100 mg AraC Low dose: AraC (50 mg/m?, q12h iv, 7 d), DNR (30 mg/m?, 3 d) vs 7 d (course 2),
Maintenance: 5 d rotating AraC with DNR or cyclophosphamide Similar frequency
or 6-meractopurine and severity of
complications.
MRC AML9; 1984- 951 Induction; DAT 1+5 vs DAT 3+10 66% DAT 3+10 5-y OS 23% DAT 3+10 vs 18%, Time to CR shorter | Aimed to recruit | DAT 3+10
1990 Age 1-79y, con.solidation; DAT 1+5: DNR (50 mg/m? iv, d 1), AraC (100 mg/m? iv q12h, d 1- vs 61% DAT p<0.05; age <60, 25% vs 20%; with PAT 3+10 1000 pts to be more .
Rees, 1996 (156) | median 53y, maintenance 5) and TG (100 mg/m? po 12-hourly, d 1-5) 145, p=0.15 age 260, 12% vs 5% ((jmedl)ag 03:1 \)/s 43 ?gl/e dt}:fassess ;:feche+
. } , p<0. an % difference an
age >55y DNR dose + AraC | pAT3,10: DNR (50 mg/m?iv, d 1, 3, 5), AraC (100 mg/m? iv subgroups: age | >y RFS 28% DAT 3+10vs 23%, | 0 pondingl in 5-y 0S 145
starting May dose: 100 mg q12h, d 1-10) and TG (100 mg/m? po 12-hourly, d 1-10) 0-49, 83% vs p=0.05 l Ft) tal Y bet y
1988; de novo or | AraC, 5dvs 10 d 76%; age 50-59, ower tota petween
secondary AML; If substantial blast population remained after 1** induction 63% vs 59%, age supportive care induction
course, administered a 2" induction course; for the 1+5 group required. treatments.

randomization
by minimization
for age (6
groups), sex,
previous
randomization

administered 3™ and 4™ induction courses with 2+8 (DNR, d 1, 6;
AraC, d 1-8) if needed for CR

Pts with CR were randomized (n=441) to 2 courses DAT 2+7
alternating with 2 courses either MAZE (m-AMSA, AZA,
etoposide) or COAP (cyclophosphamide, VCR, AraC, prednisone)

Those still in CR randomized (n=212) to either 1-y maintenance
with 8 courses AraC + TG — 4 courses COAP or no further

cytotoxic therapy

60-69, 48% vs
46%; age 270,
45% vs 43%; all
ns

Induction deaths
21% DAT 3+10 vs
16%, p=0.06
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Trial name(s) or

Number of

Phase randomized;

0S; other survival outcomes

Statistical power

location, patients 'an.d ma]or' comp?msgon Arms or comparison CR (EFS, DFS, RFS) Other outcomes and analysis Conclusion
enrolment, source characteristics for induction
MRC AML14; LRF 1273 Induction; DNR (50 vs 35 mg/m?) + AraC (400 vs 200 mg/m?) 55% AraCapo VS 5-y OS: Induction death ITT analysis No
‘IA;A}QEII":\I;(;ZZWUO Predominantly consolidation Subgroup receiving DNR 35 mg/m? + PSC-833 53? ';racm’ 13% AraCygo Vs 11% AraCyqo, 18% AraCqpo Vs 17% glftference
H . p=0. _ _ etween
1998-2005 260 (younger pts | AraC dose: 400 Mg | pNR (50 or 35 mg/me iv, d 1-3) + AraC (200 or 100 mg/m? iv p=0.5 AraCao, p=0.6 AraCaand
Rermltted ifnot | vs 200 mg q12h, d 1-10) + TG (100 mg/m? po q12h, d 1-10). Course 2 5-year relapse No important AraCaoo
Burnett, 2009 fit to en.ter (Anthracycline DNR | same except AraC + TG, d 1-8 83% AraC 84% AraC differences in non-
(76); Burnett, other trials for dose) o Aral 4o¥s, 644 AraCag; hematological
2005 (77) younger pts) Subgroup of 601 pts randomized to DNR 50, DNR 35, or p=0.2 toxicit s
) . . oxicity or
[abstract] AML (de novo or (PSC-833) DNR 35 + PSC-833 (2 mg/kg.lv over 2 h with simultaneous hematzlogic
secondary) or Cl 10 mg/kg/24 h for 72 h; in both courses) recovery
high-risk MDS Pts with CR received MTZ (d 1-3) + AraC (q12h, d 1-3) then
randomized to no further treatment or a 4™ course consisting of
IDA (10 mg/m? slow iv, d 1, 3) + AraC (100 mg/m? by 2h infusion
q12h, d 1-3) + etoposide (100 mg/m? by 1h infusion daily, d 1-3)
UCLA (California); | 102 Induction DNR + intermediate-dose AraC vs DNR + conventional-dose AraC | 74% vs 71%, ns Median 1065 d follow-up: OS More severe NR Intermediate
1986-1991 Newly diagnosed | AraC dose: 500 mg | DNR (60 mg/m? iv, 3 d), intermediate AraC (500 mg/m? iv over Age <60: 82% vs after CR: 39% £18% vs 31% gas.trf)mt.estmal -f:lose
Schiller, 1992, AML, excluded | vs 200 mg 2 h q12h, 6 d), conventional AraC (200 mg/m2/d Cl, 7 d), 82% £19%, ns _t°;“c‘ty (‘jf‘ e L‘”Ccre;fjed’ .
1993 (157,158 t-AML; age 18- nd et o . : DFS after CR: 26% +16% vs 22% | "o mecdiate-dose rat. dic no
( ) 76, medi%;\n 4 2" induction course if residual leukemia Age >60: 58% vs 6% ns. arm but no other substantially
Pts age <40 y with CR and donor were offered transplant 47% significant improve
Pts with remission received 3 courses consolidation dlff.etjences n results
toxicity
NCT00428558 198 Induction DNR + AraC (reinforced) vs DNR + AraC (standard induction) 99% OS from CR: 87% vs 83%, Early deaths 3% Primary Similar
French Inter.group Age 18-60 y, AraC dose: Arm A: DNR (60 mg/m?/d by 30 min iv infusion, d 1-3) + AraC p=0.95 arm Avs 0% arm B endpgmt RFS. efficacy for
CBF-2006 trial; newly diagnosed | 500/2000 mg vs (500 mg/m?/d Cl, d 1-3) then DNR (35 mg/m?/d by 30 min iv RFS 64% at 36 m in both arms, Required 96 both arms
2007-2010 CBF-AML 200 mg infusion d 8-9) + AraC (1000 mg/m?/12 h by 2 h iv infusion, d 8- p=0.89 pts/arm and 78
Jourdan, 2013 (presence of 10) .events to. detect
(36) £(8;21) increase in 2-y

translocation or
inv(16)/t(16;16)
rearrangement

Arm B: DNR (60 mg/m?/d by 30 min iv infusion, d 1-3) + AraC
(200 mg/m*/d Cl, d 1-7)

Salvage therapy if no CR

If CR, given 3 cycles consolidation

RFS from 50% to
70% with 80%
power
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Trial name(s) or
location,
enrolment, source

Number of
patients and
characteristics

Phase randomized;
major comparison
for induction’

Arms or comparison

CR

0S; other survival outcomes
(EFS, DFS, RFS)

Other outcomes

Statistical power
and analysis

Conclusion

German SAL
60plus; 2005-2009

Rollig, 2010 (159)
[abstract]

Note: Results
presented at ASH,
Dec 2015. Rollig,
2015 (160)

485

Age >60y,
median 69

Induction

MTZ, DNR; AraC
dose: 2g vs 100 mg

IMA (intermediate does AraC + MTZ) vs std 3+7 (DNR + AraC)
IMA: AraC (1g/m? bid, d 1, 3, 5, 7) + MTZ (10 mg/m?, d 1-3)

Std 3+7 (DA): AraC (100 mg/m? Cl, d 1-7) + DNR (45 mg/m?, d 3-
5)

Pts in CR after DA received intermediate-dose AraC + AMSA; pts
in CR after IMA received standard-dose AraC + MTZ (2+5)

55% IMA vs 39%
DA, p=0.001

Including CR
after trial
discontinuation
64% vs 55%,
p=0.043

Median DFS at 25.7 m: 10.2 m
vs 11.7 m (p=0.11)

RFS superimposable in first
year (median 10 mvs 11 m)
then separate; 1-y RFS 46% vs
45%; 3-y RFS 14% vs 29%,
p=0.042

Median OS 10 m vs 10 m; 1-y
0S 44% vs 45%; 3-y OS 19% vs
19%, p=0.513.

Differences in RFS may be due
to difference in consolidation
used in each arm

Early mortality
18.1% vs 18.4%;
SAE + grade4 non-
hematological
toxicity 19% vs
23%, p=0.1866;
median TTR 10.3 m
vs 11.1 m, p=0.328

Liver toxicity
OR=0.52, p=0.001;
gastrointestinal
symptoms
OR=0.62, p=0.041.

Duration of grade
3+ neutropenia and
thrombocytopenia
longer with IMA (25
dvs 23 d, p=0.032
and 20d vs 16 d,
p<0.001,
respectively)

ITT. Primary
outcome CR,
expected
difference of
15% in favour of
IMA. Secondary
endpoints SAEs,
time to relapse,
RFS, OS
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Trial name(s) or

Number of

Phase randomized;

0S; other survival outcomes

Statistical power

location, patients and major comparison Arms or comparison CR Other outcomes . Conclusion
enrolment, source characteristics for induction’ (EFS, DFS, RFS) and analysis
Australia; 301 Induction HDAC vs std dose AraC 1 course: 60% At median 4.5 y, median Median remission A target accrual HDAC
ALSGM4; 1987- Age 15-60, AraC dose: 6 gvs All pts received DNR (50 mg/m?, d 1-3) + etoposide (75 mg/m? d HDAC vs 48%, survwal: 19 mvs 17 m; 5-y duration 45 m of 300 prol(.)n'gs
1991 newly diagnosed | 100 mg 1-7) p=0.04 survival 31% vs 25% (ns). HDAC vs 12 m, calculated to remission
; . 749 . o e . =0.0005. HDAC provide a power | and DFS but
Bishop, 1996 AML . 2 2 . Overall: 71% At 10 y: 26% vs 14%, p=0.22; p
AraC: 3g/m“q12hond 1, 3, 5, 7 vs 100 mg/m* Cl for 7 d; ionifi
(163); Matthews 8 g ¢ HDAC vs 74%, adjusted p=0.090 was s1gmf1cantly of 0.8 9f gregt.er early
or 3™ course allowed i not achieved; consolidation wit _ more toxic etecting an oxicity
AraC (std dose) + DNR + etoposide !—Iarly qeaths (during (p<0.001) for increase in the
induction) 18% vs 11%; leukopenia, complete
HR=1.9, p=0.079 thrombocytopenia, | response rate
RFS at 5y after CR: 49% vs nausea, vomiting; from 65% to 80%.
24%. DFS22mvs 12 m, and more patients ITT analysis
p=0.007 on HDAC were
DFS at 10 y after CR: 34% vs ::Ic;jzt?ofr:
11%, p=0.0039 ’
P p=0.003.
jtg;\?sis;?e_l::i)tii failure Overall failure
p=0.0002; adjusted HR=0.49, | R-0-73, p=0.039;
<0.0001 after adjustment
P2 HR=0.72 (0.54-
0.95), p=0.020
Slovakia; 2000- 128 Induction High-dose AraC + DNR + etoposide (Group C) vs DNR + AraC + 81.8% Group C 5-y OS: 33% vs 41%, p=0.36 Toxicity similar NR Etoposide
2011 Age 15-60 y, AraC dose: 6 g vs etoposide (Group B) vs 75.4% Group DFS: 35% vs 44%, p=0.21 exc§pt o can improve
Sabty, 2011 (166) | newly diagnosed | 100 mg Group C (n=44): AraC (3 ¢/m?/12 h, d 1, 3, 5, 7) + DNR (50 B, p=0.81 E?”;””?“V‘“S c CRta”d
[abstract] AML (Etoposide) mg/m2/d, d 1, 3, 5) + etoposide (50 mg/m?/d, d 1-5) igher in group outcome
Group B (n=57): (AraC 100 mg/m?/d CI, d 1-10) + DNR (50
mg/m?/d, d 1, 3, 5) + etoposide (50 mg/m?/d, d 1-5)
Japan; 1994-1997 | 29 Induction BHAC-DM, reduced (S-1) vs conventional dose (S-2) 46.2% vs 43.8% | NR Early deaths: 1pt NR Conventional
Mori, 2000 (167) | Age 60-75y, DNR dose + BHAC | S1: BHAC (150 mg/m? d 1-7) + DNR (30 mg/m?, d 1-3) + 6MP (70 in each group; no dose is as
[Japanese; English | newly diagnosed | dose: 150 mg vs mg/m?, d 1-7; with allopurinol 300 mg/d) g;?de 4 adverse acce;;tabl:je
effects as reduce
abstract and AML (de novo or | 200 mg $2: BHAC (200 mg/m?, d 1-7) + DNR (40 mg/m?, d 1-3) + 6MP (70 dose in
tables] s-AML from MDS) mg/m?, d 1-7; with allopurinol 300 mg/d) elderly

If blasts >15% on d 7 pts received 2 more days therapy
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Trial name(s) or

Number of

Phase randomized;

0S; other survival outcomes

Statistical power

location, patients 'an.d ma]or' comp?msgon Arms or comparison CR (EFS, DFS, RFS) Other outcomes and analysis Conclusion
enrolment, source characteristics for induction
SWOG 8600; 1986- | 723 Induction; HDAC + DNR vs std-dose AraC (SDAC) + DNR Age <50: 55% At median 51 m follow-up, 4-y | HDAC resulted in 600 pts for Induction
. . 2 . [ . . .
1991 Age <65y, consohd.atlon. HDAC: DNR (45 mg/m?/d iv, d 7-9), HDAC (2 g/m? iv over 1 h HDAC (2 g/m?) 0S azge <50: 32% HDAC (2 . more fatal induction t9 . with HDAC
Weick, 1996 previously Randomized 2:1 q12h, d 1-6) Vs 52% (HDAC 3 | g/m”) vs 28% HDAC (3 g/m®) vs ((p=0.003.‘3) and ensure sufficient gave no
(161); See untreated AML between SDAC and SDAC: DNR (45 me/m?/d 45-7). std-dose AraC (200 g/m?) vs 22% SDAC; neurologic pts for improvement
¢ ’ ; ; : mg/m iv, -7), std-dose Ara i At ;
Appelbaum 1997 de novo or HDAC induction mg/mi/d CI( p 1_9;) ) ( 58%SDAC, Age 50-64: 13% HDAC (2 g/m?) (p<0.0001) toxicity consoll.datlon in CB or
(162) for long- secondary. AraC dose: 4gvs o ’ ) ) p=0.96 vs 11% SDAC Induction portion study; increased | survival, but
term survival Stratified by age | 200 mg Initially pts age <50 y on HDAC received AraC at 3 g/m” (HDAC- | Age 50-64: 45% closed slightly Dec 1988 when more
(<50 y, 50-64 y) 3) but after 2 years the monitoring committee determined HDAC (2 g/m?) early due to HDAC dose toxicity
neurotoxicity was too high and HDAC was reduced to 2 g/m’ for | \c 53% SpAC 8-y DFS age <50: 26% HDAC vs | ¢qyicity. reduced (485 pts
all ages. Near the end of the study they decided HDAC (2 g/m?) 17%; 8-y DFS, age 50-65: 21% SDAC, 188 pts
+ DNR was also too toxic and induction randomization was vs 8% HDAC) to give
stopped early. 80% power to
Those with CR to SDAC were randomized to 2 additional courses fjetect 60.% dd
SDAC + DNR (d 6-7), or to one course HDAC (d 1-5) + DNR (d 6-7; increase in odds
dose reduced to 30 mg/m? for ages 50-64)) of CR and to
give 220 pts for
Those with CR to HDAC were non-randomly assigned to 1 consolidation
additional course HDAC as in the 1* course + DNR (dose reduced randomization in
to 30 mg/m? for ages 50-64) ratio 130:90 to
give 86% power
to detect HR of
1.5 for DFS.
JALSG AML89; 326 Induction; Chemo + BHAC vs chemo + AraC 72% BHAC vs OS at median 47 m was 45% No significant NR BHAC
1987-1991 Age 15+ y (15-82 maintenance BHAC (200 mg/m? 3h infusion daily ), AraC (80 mg/m? CI daily) 82%, p=0.035 (not reported by group) fj1ffzrencesf1n resulte(t:j};n
: : incidence o worse
Kobayashi, 1996 y, median 48 y), | AraC vs BHAC All received 6MP (70 mg/m? po with 300 mg/d allopurinol) + complications/ and EFS than
(168) newly diagnosed prednisolone (40 mg/m? by 3h infusion, d 1-4) and DNR (40 55-m EFS 23% vs 35%, toxic effects. AraC:
AML mg/m? iv, d 1-4 plus d 8-12 if necessary) p=0.0253. DFS similar, Early deaths (30 authors
Induction was in response-oriented and individualized manner; p=0.3387 d)13.8% vs 9.4%, suggested
continued for 10-12 d until bone marrow became severely 55-m DFS 53% ubenimex vs p=0.222 this may be
hypoplastic with blasts <5% 52%, ns due to dose/
duration

If CR not reached in course 1, then repeated at = 3-4 w
intervals

After consolidation and maintenance pts with CR were
randomized to immunotherapy with ubenimex or no drug
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Trial name(s) or

Number of

Phase randomized;

0S; other survival outcomes

Statistical power

location, patients 'an.d ma]or' comp?ms()on Arms or comparison CR (EFS, DFS, RFS) Other outcomes and analysis Conclusion

enrolment, source characteristics for induction
EORTC/GIMEMA 1942 Induction; HDAC vs std-dose AraC 78.7% vs 72.0%, | 6-y OS: 42.5% HDAC vs 38.7% Death during ITT. HDAC
AML-12; (EORTC AML, age 15-60 maintenance All received DNR (50 mg/m? iv, d 1, 3, 5) + etoposide (50 p<0.01; age stq, p=0.f)6, (p=0.009 induction 9% vs Powered to p.roduces
06991); 1999-2008 | ' odian 45y | AraC dose: 6gvs | mg/m/d iv, d 1-5) ;;‘663; 82'(‘)‘751"5 adjusted:) 7.8%. detect 8% higher

- .6%, p=0.01; . L ) remission
Wlllemz.e, 2014 100 mg HDAC: 3 g/m? q12h in 3-h infusionon d 1, 3, 5, 7 age 46+: 74.8% Age <46 y: 51.9% vs 43.3%, Similar grade 3.4 tr.eatment and survival
(40); Willemze, ) s p=0.009; age 46-60: 32.9% vs non-hematologic difference (from
2011 (165) Std-dose AraC: 100 mg/m?/d Cl for 10 d vs 68.3%, 33.9%, p=0.91 toxicities, except | 35% to 43%)in 5- | €S
[abstract, IL-2 Pts in CR received consolidation with AraC (500 mg/m?/12h, 6 p=0.03 conjunctivitis more | y 0OS, HR=0.80, espec1all3‘/tm
results] d) + DNR (50 mg/m?/d, 3 d). CR pts without suitable stem-cell | After 1 course: frequent in HDAC | and treatment | PtS age <46

donor were eligible for 2™ randomization to autologous SCT
followed or not by low-dose IL-2 (4-8x10°1U/d sc, 5 d/m during
1y). 528 pts randomized but only 165/263 in IL-2 arm received
IL-2 and 197/265 in observation arm were adequately
documented

75.3% vs 68.2%

HDAC
significantly
better for de
novo (age 15-

DFS at 6 y: 44.7% vs 41.6%,
p=0.27 (p=0.08 adjusted); age
<46: 52.8% vs 46.4%, p=0.07
(p=0.02 adjusted); age 46+:
35.5% vs 35.8%, p=0.73

6-y EFS, age <46: 43.6% vs

(12.4% vs 0.5%).

Analysis at median
6y and 1091
deaths

Analysis at median

45 only), ) i
dary (15- | 35.1%, p=0.003; age 46+: 6-y follow-up and

secondary _ 308 events

45, 46+) 26.6% vs 24.8%, p—0.44

* for some comparisons
significance was also reported
after adjustment by
multivariate analysis

age interaction
(15-45 vs 46-60
y) with 80%
power, based on
2000 pts and
1100 deaths.

6MP, 6-mercaptopurine (mercaptopurine); AraC, cytarabine = arabinofuranosyl cytidine = cytosine arabinoside; ATRA, all-trans retinoic acid; AZA, azacitidine; BHAC, N*-behenoyl-1-B-D-arabinosylcytosine; Cl, continuous iv infusion; COAP,
cyclophosphamide, VCR, AraC, prednisone; CR, complete remission (complete response); DAT, DNR +AraC + 6-thioguanine (TG); DFS, disease-free survival; DNR, daunorubicin; EFS, event-free survival; GO, gemtuzumab ozogamicin; HAM,
high-dose cytarabine + mitoxantrone; HCT, hematopoietic cell transplantation; HDAC, high-dose cytarabine; HSCT, hematopoietic blood stem cell transplantation; ICE, idarubicin + cytarabine + etoposide; IL-2, interleukin-2; ITT, intention
to treat; iv, intravenously; MACE, amsacrine + AraC + etoposide; MDS, myelodysplastic syndromes; MidAC, MTZ + AraC; MTZ, mitoxantrone; NR, not reported; OS, overall survival; po, oral administration (per os); PR, partial
response/remission; RFS, recurrence-free survival; s-AML, secondary AML arising from MDS or myeloproliferative disease; SAE, severe adverse effect; sc, subcutaneously; SCT, stem cell transplant; std, standard; t-AML, therapy-related AML
following treatment of primary malignant disease; TG, 6-thioguanine; VCR, vincristine
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Table 4-2. Induction, nucleoside analogues other than cytarabine

Back to Recommendations

Back to Results

Back to Discussion

Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction RFS) analysis
Polish PALG; 2004- 178 Induction DNR + AraC + cladribine vs DNR + AraC 43% vs 33%, p=0.12 | Median 0S 9.5 m vs 10 Early deaths: 23% vs NR Higher CR
2011 Age >60 y, Cladribine DNR (45 mg/m? iv, d 1-3), AraC (100 mg/m? iv, d 1-7), cladribine (5 Age <65: 47% vs m, p=0.98 15%, p=0.2. with DAC
Pluta, 2012 (169) median 66y, mg/m? iv, d 1-5) 29%, p=0.09 No significant zg to age
[abstract] newly diagnosed Pts with CR after 1 cycle received consolidation Age >65: 38% vs differences in toxicity
AML -
39%, p=0.8
Polish PALG; 2004- | 652 Induction DAC (DA + cladribine) vs DAF (DA + fludarabine) vs DA (DNR + AraC) DAC vs DA: 62% vs 3-y 0S: 45% DAC vs 33% | All pts experienced OS primary Addition of
2008 Age 16-60 y Cladribine DNR (60 mg/m? as 5 min infusion, d 1-3), AraC (200 mg/m?, d 1-7), 51% (p=0.02)0for 1 DA (median 24 ys 14 grade 4 neutropepla and | endpoint. f:ladnbme
Holowiecki, 2012 (median 47 y), (Fludarabine) cladribine (5 mg/m? as 3h infusion, d 1-5), fludarabine (25 mg/m? as course; 67.5% vs m), p=0.02, adjusted thrombocytopema, no 223 pts/arm | is .
(65) untreated AML: 30 min infusion, d 1-5) 56% (p=0.01) for 2 HR;%.169 (0.5-0.96), difference among arms. Fo detecti a§stc:]c'1)attetd
i courses p=0. - : increase in with better
stratified by age Bone marrow aspirate was performed after the first course of AloPec.]é’ 1nfecF1f)ns, 0S from 40% | CR and
<40y, 40+y induction as soon as the patient achieved the peripheral blood count | DAF Vs DA: 59% vs | 35% DAF vs 33% DA mucositis, vomiting, to 55% with | survival
required for CR, but not later than d 50 of treatment. 56% (p=0.47) for 2 (median 16 m vs 14 diarrhea were most 0.8 power
’ courses m), p=0.98, HR=0.97 frequent grade 3+ non- N‘ " : d
Pts with PR received a 2™ course of the same regimen; only 5% of pts ; ot powere
\ g y P Subgroup age >50: 40% hematologic adverse p
received a second course DAC vs 18% DA effects, no significant or
Vs 0 , . 4 .
Pts with CR received consolidation followed by maintenance or SCT p=0.005; other differences between ?r:f;f;z:gj;s
subgroups ns arms ITT for OS
3-y RFS: 45% DAC vs
37% DA (p=0.54); 42%
DAF vs 37% DA (p=0.78)
Sweden; 2000-2001 | 63 Induction AraC + IDA + cladribine 51% vs 35% after 1 No difference between | No difference in toxicity | Primary NR
Juliusson, 2003 Age >60y, Cladribine AraC (1 g/m/2 h bid for 4 d), IDA (10 mg/m?/1h for 2 d), cladribine (5 | €°Urse P=0-014. ) arms between arms. No outcome:
(66) median 71y, mg/m?/1h starting 2h before AraC twice daily for 4 d) 63% vs 60% after 2 ?1fference n .recovery time to
courses rom cytopenia. recovery
AML, ;’;C:”des 2 induction for pts with CR: AraC (1 g/m?/2 h, d 1-4) + IDA (10 from
prior MDL, other mg/m?/1h, d 1-2) + cladribine (5 mg/m?/1h, d 1-4 ~
secondary AML s ’ ) (5 mg ’ ) cytopenia,
permitted. 2:1 2" induction cycle for pts with PR (5-20% blasts): AraC (1 g/m?/2 h, d need for
randomization 1-5) + IDA (10 mg/m?/1h, d 1-2) + cladribine (5 mg/m?/1h, d 1-5) supportive
All pts with CR received 3™ course AraC (200 mg/m?/12 h x 2, d 1-5) + Ic'lilr'e' 05 by

IDA (10 mg/m?/1 h, d 1)

pts with CR received an optional 4™ course: AraC (100 mg/m?, d 1-5) +
IDA (10 mg/m?/1h, d 1) + cladribine (5 mg/m?, d 1-5)

19 Results for agents in parentheses are reported in the relevant tables
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction RFS) analysis
Polish PALG; 1999- | 400 Induction + DAC-7 (DNR + AraC + cladribine) vs DA-7 (DNR + AraC) 72% DAC-7 vs 69%, 0OS at 3 y: 34% vs 31%, Median hospitalization CR after 1 Cladribine
2002 Age 16-60 y, consolidation DNR (60 mg/m?/d, d 1-3), AraC (200 mg/m?/d, d 1-7), cladribine (5 ns ns 33 d vs 40 d, p=0.002 cyFle was improves 1
Holowiecki, 2004 median 45, newly | Cladribine mg/m?/d, d 1-5) After 1% course: 3-y EFS 43% vs 34%, ns; | Toxicity similar P”(’j“afyt cycle
; o endpoint. response
(170) fjlagno.sed AML, Bone marrow aspirate was performed after the first course of 63.5% vs 47%, . Vs 28% Early deaths 15.5% vs Power of rate, may
mdUd".‘g induction therapy as soon as the patient achieved peripheral blood p=?.0009, age >40 p=§).05, age 40 43% vs 14% 0.85 to improve
preceding MD.S. morphology values required for CR, but not later than on d 50 since 61% vs 43%, 46%, ns detect 15% survival in
(n=63). Stratified the start of the treatment p=0.005; age <40 dif ) 40
age <40 y and 40+ 71% vs 55% ifference in | pts age >
y Pts with PR received a 2™ course of the same regimen CR after 1
Pts with non-remission after 1 cycles or partial/non-remission after 2 %;letwmh
cycles received CLAG (cladribine, AraC, GCSF) pts
Pts with CR (n=280) entered consolidation treatment: AraC + MTZ then
pts in original DAC-7 group received AraC (2 g/m*iv q12h, d 1, 3, 5) +
cladribine (5 mg/m?iv, d 1, 3, 5), DA-7 group received AraC
EORTC/GIMEMA 62 Induction 1 -hr infusion vs push injection of clofarabine CR+CRi: 84% both 0S at 1y: 74% each Similar adverse effects NR Impressive
32):11;"6‘ (EORTC Age 18-60 'y Clofarabine All received AraC and IDA arms arm Cg’ similar
. . . adverse
(median 50 y), Clofarabine: 10 mg/m?, d 2, 4, 6, 8, 10 In pts with CR: DFS at effect
Selleslag, 2014 (68) | untreated 1y: 58% vs 65% (ns) )
intermediate/ AraC: 500 mg/m? q12h, d 1-6 profiles
bad-risk AML or IDA: 10 mg/m?/d 1, 3,5
Tr]]%g')mk MDS Induction was for 1 or 2 cycles; consolidation if CR
NCRI AML16; 2006- 1115 Induction; DNR + AraC (DA arm) + GO vs DNR + clofarabine (DClo arm) + GO; 63% DA vs 57% 3-y OS 23% DA vs 22% 60-d mortality 15% DA ITT. Primary | DA and
2010 Older pts suitable | consotidation; GO given only in 1% of 2 induction cycles; GO vs no GO (n=1115) gilO; gz;CDRC‘l”% DClo, p=0.3 Esc :4% DClo. Dﬁ and gutcomz ?s. DClolt .
Burnett, 2012 (58) | for intensive maintenance Af ] vs 66% DClo, 3-y RFS 18% DA vs 21% 0 were equitoxic owered to resulted in
’ ter 800 pts enrolled, subsequent pts received DNR/AraC + GO _ P
[GO vs nonel; chemotherapy. Clofarabine P a P p=0.12 DClo, p=1.0 alt'hough DA arm had d.etect similar
Burnett, 2012 (67) | Generally age 60 | -q DNR + AraC (3+10) + GO — DNR + AraC (3+8): DNR (50 mg/m*/d, d 1, | after 1 course: 54% 5.y 0S 15% vs 14% quicker neutrophil and | difference of | outcomes
abstract]; Russell, | y, median 67 y; (GO) 3, 5) + AraC (100 mg/m? q12h, d 1-10) + GO (3 mg/m?, d 1), then 2™ vs 47%, OR=1.33, Y o Vs 14%, platelet recovery and 10% in 2-y OS

2015 (150)
[abstract]

some younger pts
if not suitable for
trial for younger
pts. De novo AML
(72%), s-AML
(17%), or high-risk
MDS (10%)

cycle DNR (50 mg/m?/d, d 1, 3, 5) + AraC (100 mg/m?

q12h, d 1-8)

DNR + clofarabine + GO — DNR + clofarabine: DNR (50 mg/m?/d, d 1,
3, 5) + clofarabine (20 mg/m?/d, d 1-5) + GO; then 2™ cycle same

without GO

Post-induction, pts with CR were randomized to DNR (
3) + AraC (100 mg/m? q12h, d 1-5) vs none;

Maintenance: Pts not planned for allograft were then
AZA (75 mg/m?/d for 5 d; repeat géw x9) vs none

50 mg/m?, d 1,

randomized to

p=0.04

p=0.6

5-y RFS 14% vs 15%,
p=0.9

DClo had less
transfusion support,
antibiotics, and
hospitalization

from 25% to
35%
(equivalent
to HR=0.76)
with 90%
power. 800
pts and 552
deaths
required.
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction RFS) analysis
China; 2005-2011 55 Induction FLAG vs IDA + AraC 92.0% vs 86.7% NR NR NR
Yang, 2012 (11) Newly diagnosed Fludarabine Fludarabine (30 mg/m?/d, d 1-5), AraC (1 g/m?/d, d1-5), GCSF (300
[Chinese] AML pg/d, d0-5)
IDA (10-12 mg/m?/d, d 1-3), AraC (100-150 mg/m?/d, d 1-7)
Polish PALG; 2004- | 652 Induction DAC (DA + cladribine) vs DAF (DA + fludarabine) vs DA (DNR + AraC) DAC vs DA: 62% vs 3-y 0S: 45% DAC vs 33% | All pts experienced OS primary Addition of
2008 Age 16-60 y Fludarabine DNR (60 mg/m? as 5 min infusion, d 1-3), AraC (200 mg/m?, d 1-7), 51% (p=0.02) for 1 DA (median 24 ys 14 grade 4 neutropgma and | endpoint. Fladnbme
Holowiecki, 2012 (median 47 y), (Cladribine) cladribine (5 mg/m? as 3h infusion, d 1-5), fludarabine (25 mg/m? as course; 67.5% vs m), p=0.02, adjusted thrombocytopema, no 223 pts/arm | is _
(65) untreated AML; 30 min infusion, d 1-5) 56% (p=0.01) for 2 HR=0.69 (0.5-0.96), difference among arms. | to detect associated
s courses p=0.01 i : increase in with better
stratified by age Bone marrow aspirate was performed after the first course of ' . . Alopecia, infections, 0S from 40% | CR and
<40y, 40+y induction as soon as the patient achieved the peripheral blood count DARVS,DA: 59% ys 35% D.AF vs 33% DA I’TTUCOS]US, vomiting, to 55% with survival
required for CR, but not later than d 50 of treatment. 56% (p=0.47) for2 | (median 16:m vs 14 diarrhea were most 0.8 power
g 1 o ot courses m), p=0.98, HR=0.97 frequent grade 3+ non- N'ot b0 er.ed
Pts with PR received a 2" course of the same regimen; on of pts ; Wi
\ g Y 3% 0f p Subgroup age >50: 40% hematologic adverse ‘
received a second course effects. no sienificant or
DAC vs 18% DA, ; ’ 8 differences
Pts with CR received consolidation followed by maintenance or SCT p=0.005; other differences between in subgroups
subgroups ns arms ITT for OS
3-y RFS: 45% DAC vs
37% DA (p=0.54); 42%
DAF vs 37% DA (p=0.78)
GOELAM SA4; 289 Induction + IDA + AraC + fludarabine vs IDA + AraC 65% vs 62% 2-y OS 37% vs 32% Extrahematological NR
NCT00925873; Age 60-75y consolidation GCSF in both arms (5 pg/kg, d 1 to neutrophil recovery) 2-y DFS 47.2% vs toxicities similar
1996-2000 Fludarabine 33.6%, p=0.15
. IDA (8 mg/m?/d, d 1-5), AraC (100 mg/m?/d Cl, d 1-7), fludarabine (20 -0%, p=U.
Witz, 2004 (171) mg/m2/d iv for 30 min, d 2-7)
[Symposium
presentation]; Consolidation: intermediate-dose AraC (500 mg/m?* q12h for 4 d) =
Pigneux, 2010 (83) fludarabine according to initial randomization
Italian; 1999-2002 112 Induction FLAI vs ICE (one cycle) 74% FLAI vs 51%, 4-y OS: 32% vs 32%, Death during induction Primary FLAI more
Russo, 2005 (8,9) Age <60y, newly Fludarabine vs FLAI: fludarabine (25 mg/m?/d, d 1-5) + AraC (2 g/m*/d, d 1-5) + IDA p=0.01 p=0.7 2% vs 9% .(p=0,08); FLAI endpoint CR effective
diagnosed AML etoposide (10 mg/m?/d, d 1, 3, 5) After HDAC: 81% vs | 4-y RFS 31.5% vs 44%, | resultedinless | rate. and less
) 5 ) 69%, p=0.1 p=0.7 hematological toxicities | Required 55 | toxic for
(Etopos@e Vs ICE: IDA (10 mg/m /dz, d1, 3,5)+AraC (100 mg/m“/d Cl, d 1-10) + ’ (p=0.002) and non- pts/arm to induction
fludarabine) etoposide (100 mg/m’/d, d 1-5) hematological toxicities | detect 20%
Post-induction with HDAC (3 g/m?/12 h/d, d 1-6) for all pts; if CR then (especially increment in
received 2™ consolidation with MTZ + etoposide + AraC and/or stem gastrointestinal CR rate with
cell transplant (p=0.0001) 70% power

Section 4: Systematic Review - February 2, 2016

Page 70




Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction™ RFS) analysis
MRC AML15; 3106. Induction, Induction; Induction DA vs FLAG-IDA vs DA vs FLAG-IDA vs ADE DA vs FLAG-IDA vs ADE ITT DA vs FLAG-
IZSOPE)CZT;%;MC)M; n=310ﬁ’; . consolidation DA (DNR + AraC) + GO vs ADE 0S: ADE vs DA no Induction deaths 6% DA Non-GO 1DA vs ADE
- consolidation . - - .
’ Fludarabine + IDA . 78% DA vs 82% ADE, | difference (HR=1.00); vs 5% ADE, p=0.7; 7% uestions: At | FLAG-IDA is
induction; 2002- n=1440. Effect of FLAG-IDA (fludarabine + AraC + GCSF + IDA) + GO vs © ( ) P q .
e ) i vs DNR ] ) p=0.06 (OR/HR 44% FLAG-IDA vs 37% FLAG-IDA vs 7% ADE, least 1000 effective
2009 consolidation 6?1 ;’;‘;“CtE‘;’f”' cor | (Etoposide) ADE (AraC + DNR + etoposide) [+ GO starting 2005] =1.24,0.99-1.54) | ADE, HR=0.92 (0.79- | p=0.7. pts per for
Burnett, 2011 (6); | 17 ° o0 ©0) DA 3+10 + GO — DA 3+8: DNR (50 mg/m’ d 1, 3, 5) + AraC (100 mg/m’ | ga% FLAG-IDAvs | 1-06), P=0.2 Grade 3-4 induction induction
Burr.1ett, 2013 (7); 1=048. ADE vs ’ q12h, d 1-10) + GO (3 mg/mi d 1) then 2™ cycle with DNR (50 mg/m?, 81% ADE, p=0.2 RFS, relapse risk, gastrointestinal toxicity q.uestloon to
Pallis, 2011 (172) FLAGIDA d1, 3, 5) + AraC (100 mg/m? q12h, d 1-8) @ rior 1 death in remission greater with ADE give 90%
) . -IDA, +CRi after A, .
[p-glycoprotein] n=1268. ADE vs FLAG-IDA + GO — FLAG-IDA: fludarabine (30 mg/m? iv, d 2-6) + AraC cycle: 63% DA vs similar for ADE vs DA compared with DA; gozvert t1°09/
DA, n=1983 (2 g/m” over 4 h starting after fludarabine, d 2-6) + GCSF (lenograstin | 709 ADE p=0.002; (RFS 35% DA vs 32% other toxicities of etec l °
roe o 15 263 pig sc daily, d 1-7) + IDA (8 mg/m? iv daily, d 4-6) + GO (3 mg/m?d | 77% FL AG-IDA vs ADE, p=0.8). FLAG-IDA | modest clinical Zufr: - ¢
> . o L
Pged .y, | 1); then 2" cycle same without GO 67% ADE, p<0.001 (compared with ADE) significance. 1Oe(|)'c53nceda
redominantly . 2 reduced relapse (38% FLAG-IDA d p<b.0>an
<60y, untreated ADE 10+3+5 — ADE 8+3+5: DNR (50 mg/m*, d 1, 3, 5) + AraC (100 Subgroup Pgp- vs 55%, p<0.001) - compare ) 800 pts in
AML  (de novo or mg/m? q12h, d 1-10) + etoposide (100 mg/m?* d 1-5) then 2™ cycle positive: 86% imprO\;ed RI;S (45% vs with ADE had delay n consolidation
secondary), APL same except AraC d 1-8 FLAG-IDA vs 78% 34%, p=0.01), but recovery of neutrophils | 4 give 80%
excluded. DA/ADE, Subgroup increased death in and {Jtl.ate!ets (P<0001) power to
Children age 0-14 o Pgp-negative 86% remission (17% vs 11% resutting in more detect a 10%
(n=87) allowed in Consolidation See Table 4-14 FLAG-IDA vs 90% 0 (17% o, trat?sfusyons and difference in
some arms DA/ADE antibiotics. 0s
MD Anderson; 2001 | 34 Induction + Bayesian adaptive randomized allocation Within 49 d: 55% IA | OS equivalent Recurrence rates 70% CR was Troxacitabi
Giles, 2003 (173) | Age >50y, consolidation IDA + AraC [IA] vs troxacitabine + AraC [TA] vs troxacitabine + IDA [TI] | VS 27% TA Vs 0% Tl 1A, 80% TA, 100% I primary. ne
. - ) endpoint. regimens
median 66y, Troxacitabine IDA + AraC: IDA (12 mg/m?/d iv for 3 d), AraC (1.5 g/m?/d iv over 2 h | Overall: 55% IA, Max 75 pts | not
untreated, 45% 1A, 20% TA P
adverse karyotype for3d) s superior to
AML (other than Troxacitabine + AraC: troxacitabine (6 mg/m?/d iv for 5 d), AraC (1 70f% Prot;abltlty TA IDA + AraC
. inferior to
inv(16), t(8;21), - g/m?/d iv over 2 h for 5 d)
Yy, -X) Troxacitabine + IDA: troxacitabine (4 mg/m?/d iv for 5 d) + IDA (9
mg/m?/d iv for 3 d)
Pts with CR received 1** consolidation course as per induction therapy,
then subsequent cycles of same regimen at reduced doses
Tl arm stopped after 5 pts; TA arm stopped after 11 pts (and trial
ended)

ADE, AraC + DNR + etoposide; AraC, cytarabine = arabinofuranosyl cytidine = cytosine arabinoside; AZA, azacitidine; Cl, continuous iv infusion; CR, complete remission (complete response); CRi, complete remission with incomplete recovery; DA,
DNR + AraC; DFS, disease-free survival; DClo, DNR + clofarabine; DNR, daunorubicin; EFS, event-free survival; FLAG, fludarabine + high-dose AraC + GCSF; FLAI, Fludarabine + AraC + IDA; GCSF, granulocyte-colony stimulating factor; GO,
gemtuzumab ozogamicin; HAM, high-dose cytarabine + mitoxantrone; HCT, hematopoietic cell transplantation; HDAC, high-dose cytarabine; HSCT, hematopoietic blood stem cell transplantation; ICE, idarubicin + cytarabine + etoposide; IDA,
idarubicin; ITT, intention to treat; iv, intravenously; MDS, myelodysplastic syndromes; MTZ, mitoxantrone; NR, not reported; OS, overall survival; PR, partial response/remission; RFS, recurrence-free survival; s-AML, secondary AML arising from
MDS or myeloproliferative disease; SAE, severe adverse effect; sc, subcutaneously; SCT, stem cell transplant; std, standard
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Table 4-3. Induction, anthracycline dose or schedule

Back to Recommendations

Back to Results

Back to Discussion

Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source | characteristics for induction™ RFS) analysis
MRC AML14; LRF 1273 Induction; DNR (50 vs 35 mg/m?) + AraC (200 vs 400 mg/m?) 55% DNRs Vs 5-y OS: 13% DNRso vs 13% Induction death 16% ITT analysis No difference
éﬁtﬁjszzonm Predominantly | consolidation Subgroup receiving DNR 35 mg/m? + PSC-833 57? ENR“’ DNRss, p=0.3 DN(:*-'Z vs 15% DNRs;, giltRwee”d
H . p=0. 9 p=0. 50 @n
1998-2005 260y (yoynger DNR dose: 50 vs 35 DNR (50 or 35 mg/m? iv, d 1-3) + AraC (100 or 200 mg/m? iv q12h, d 13% DNRsg vs 15% DNR35 vs DNRss
pts permitted | mg 1-10) + TG (100 mg/m? po q12h, d 1-10). Course 2 same except 52% DNRso Vs 9% DNRss + PSC, p=0.02 ]
e V007 | IR o) | TG, 14
) ° 35 -
; (PSC-833) Subgroup of 601 pts randomized to DNR 50, DNR 35, or DNR 3 1% AraCaoo Vs 13% vs 27% DNRss + PSC,
[abstract] trials for PSCpR0.06 AraCu0, p=0.5 -0.0003 (PSC vs not) No difference
younger pts), 35 + PSC-833 (2 mg/kg iv over 2 h with simultaneous CI 10 (PSC vs not) 42, P=5- p=0.
AML (de novo mg/kg/24 h for 72 h; in both courses) 4™ course vs only 3 17% AraCaoo Vs 18% between
53% AraCao Vs | courses: 22% vs 20% AraCapo, p=0.6 AraCao and
or secondary) Pts with CR received MTZ (d 1-3) + AraC (q12h, d 1-3) then 55% AraCago it © 400, P=U. AraCaoo
or high-risk randomized to no further treatment or a 4™ course consisting of IDA p=0.7 p=0.7 No important .
MDS (10 mg/m? slow iv, d 1, 3) + AraC (100 mg/m? by 2h infusion q12h, d 5-year relapse differences in non- :;'Otd‘ffere;ce
1-3) + etoposide (100 mg/m? by 1h infusion daily, d 1-3) 85% vs 84%. p=0.3 hematological toxicity etween
’ e or hematologic and 4 courses
85% DNRsg vs 82% DNR;35 vs recovery
84% DNR;5 + PSC, p=0.9
(PSC vs not)
84% AraCygo Vs 83%
AraCyqo, p=0.2
4™ course vs only 3
courses: 80% vs 84%,
p=0.3
China; 2007-2013 297 Induction + Standard vs attenuated AraC + DNR CR+CRi 58.2% 5-y 0S 24 m vs 39 m, Early mortality 7.1% vs | NR

Huang, 2014 (147)

Age 65-82 y, de
novo or s-AML,
Karnovsky
performance
status score
>60

consolidation

AraC dose + DNR
dose: AraC 100 mg
vs 75 mg

Standard: 2 cycles DNR (45 mg/m?, 3 d) + AraC (100 mg/m*Cl, 7 d)
induction then 2 cycles DNR (45 mg/m?, 3 d) + AraC (100 mg/m?, 7
d) then 4 cycles HDAC (1.5 g/m?, 4 d)

Attenuated: 2 cycles DNR (30 mg/m?, 3 d) + AraC (75 mg/m? Cl, 7 d)
induction then 2 cycles DNR (30 mg/m?, 3 d) + AraC (75 mg/m?, 7
d) then 4 cycles HDAC (1 g/m?, 4 d)

vs 55.1%,
p=0.60

p<0.001

PFS 23 mvs 35 m,
p<0.001

0.64%, p<0.01

No overall response:
2.1% vs 13.5%

Longer time to
neutrophil recover
(>1.5x10°/L; p<0.001)
and more grade3+
infections (p<0.001)
with standard dose

" Results for agents in parentheses are reported in the relevant tables
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction' RFS) analysis

German AMLCG 343 Induction TAD with (60 vs 30 mg/m? DNR, 3 d) 52% vs 45%, 5-y OS 16% vs 10% Early and hypoplastic NR 60 mg/m? DNR

Buchner, 1997 Age 260y (60- | DNR dose: 60 vs 30 | 60 mg/m? DNR, n=240 p=0.026 [34% Vs | ¢ ;paroup age 265: 14% vs | death 20% vs 31%, is superior to

(174) [abstract]; 83y, median mg 30 me/m? DNR. n=103 43%, p=0.038 in 5%, p=0.002 p=0.031 30 mg/m* in

) mg/m , N= (175)] producing

Buchner, 2001 66 y), primary 5-v RFS 22% vs 17%: )

(175) [review] AML Unequal numbers in arms because the 30 mg arm was closed when 1 course: 38% y ° =% higher
significantly superior response rate to the higher dose became vs 20%, p=0.002 DFS 22% vs 17%, ns response rate
obvious ’ and longer

Age >65: 52% vs s s
Pts in CR received TAD consolidation followed by monthly 32%. p=0.006 survival in pts
. b, p=0. age 260
maintenance for 3y

Russian AML-95; 251 Induction + AraC + DNR (7+3 (45)) then 3 y maintenance vs 75.5% vs 60% vs | OS NR Early lethality 8.1%, NR More intense

1995-1999 median age maintenance AraC + DNR (7+3 (45)) then 1 y maintenance vs 63% 6-y DFS: 28% (45 mg/m?) 22.4%, 16%. md:;tmn/(ég

sy . 2 } 9 vs 45 mg/m

Parovichnikova, 39y DNR dose: 60 vs 45 AraC + DNR (7+3 (60)) then 1y maintenance vs 29% (60 mg/m?) 3.5-y RFS 16%, 46%, can be used

2019 (176) me AraC (100 mg/m? bid iv, d 1-7), DNR (45 or 60 mg/m?, d 1-3) 64.6°%Q DFS 28% with 1y 20%, ns .

[abstract and ] ] ’ ’ : : N mg/m?) vs maintenance vs 15% with

poste.r], (177) Maintenance with 7+3 (6-MP) for 3 or 1 y: AraC + 6MP (60 mg/m” bid | ¢4 69 (60 3-y maintenance, ns

gRus?:an]k; 1009 1-3d) mg/m?)

avchenko
’ Total DNR dose 540-720 mg/m?

(178) [Russian, ot 0s€ me/m

English abstract]; # induction courses not stated, but 4 used in subsequent studies

Parovitchnikova,

2003 (179)

[abstract]

NCT00474006, 383 Induction High-dose DNR + AraC vs std DNR + AraC 82.5% HD vs 0S: At median 52.6 m, 5- | Survival benefit was Endpoints CR, High-dose

Korea; 2001-2008 Age 15-60 y, DNR dose: 90 vs 45 | High-dose: DNR (90 mg/m?/d, 3 d) + AraC (200 mg/m?/d, 7 d) 72.0% std dose, | y OS 46.8% vs 34.6%, greatest l.n . OS<RFS, EFS. DNR improves

Lee, 2011 (44) median 43 y mg std d DNR (45 me/m/d. 3 d) + AraC. (200 me/m?/d. 7 d p=0.014 p=0.030 intermediate-risk 300 pts to CR and

’ ’ td dose: mg/m-/d, + Ara mg/m-/d, : : :
previously ( g ) ( g ) Adjusted Adjusted HR=0.739, subgroup (OS 51.0% vs give power of | survival in pts
untreated AML Pts with persistent leukemia were given a 2™ course: AraC (200 HR=0.555, p=0.032 33.5%, p=0.016); 0.8 to detect | age <60

mg/m? Cl over 24 h for 5 d) + DNR (45 mg/m? Cl over 24 h for 2 d) p=0.024 . differences were not EFS
Pts with CR received consolidation At median 52.6m, £F> significant for good HR=1.75/1.0
40.8% vs 28.4%, p=0.030; | and poor-risk groups (0.57)

adjusted HR=0.774,
p=0.048

RFS 49.4% vs 39.6%,
p=0.432
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction' RFS) analysis
ECOG E1900, 657 Induction + DNR high-dose (90 mg/m?/d for 3 d + AraC; vs DNR std dose (45 70.6% vs 57.3%, | OS: At median 80 m No significant ITT. 85% Terminated
NCT00049517; Age 17-60 y consolidation mg/m?/d for 3 d) + AraC p<0.001 follow-up, HR=0.74 differences in SAEs. power to early by data
2002-2008 (median 48 y), | DNR dose: 90 vs 45 | AraC in all pts (100 mg/m2/d Cl, 7 d) 1 cycle: 52% vs E0'6;j°'8;;’7p=0'00115 ;| Induction deaths 5.5% jeteCt 23% and ?:f?ty
median 23.7 m vs 15. _ ecrease in monitoring
Fernande;, 2009 untreated AML mg 2" induction cycle if residual leukemic blasts using AraC as above + 37% m] vs 4.5%, p=0.60 HR for death committee at
(41); Luskin, 2014 DNR (45 mg/m*/d for 3 d) 2-y follow-u , 3rd interim
(42) [abstract]; Age <50: HR=0.66 (0.50- y Tottow-up, :
Patel, 2012 Age <50: 74.3% 0.85), p=0.002 [median n=830 with a_nalygs when
(molecular vs 59.4% 34.3 m vs 19.0 m] ;56t3 d.eatr;siBZ 51gn1.f1clant
subgrouns) (43 ) nterim a surviva
groups) (43) Age 250: HR=0.81 ((_)-62' and 423 differences
1.06), p=0.12 [median deaths. became
16.9 m vs 12.2 m] Secondary apparent.
Patel (43) reported outcome CR, High-dose
benefit in specific n=747 to better
mutations or risk groups; detect 10% survival in all
later abstract (42) lmprovement subgroups
reported benefit in all with 85%
subgroups power
HOVON 43 AML; 813 Induction; AraC + DNR (escalated) vs AraC + DNR (conventional dose) 64% escalated 2-yr OS 31% vs 26%, No difference in rate ITT. Dose
SAKK 30/01; Age 60-83 y, consohdat.lor.\ AraC (200 mg/m? Cl, 7 d), escalated dose DNR (90 mg/m?, d 1-3), vs 54%, p=0.002 | p=0.16; age 60-65: 38% vs | of hematologic tox1c. EFS primary e§calat1on
ISRCTN77039377; median 67 y; (post-remission) conventional dose DNR (45 mg/m?, d 1-3) 1 course: 52% 23%, p<.0.001, age >65: efffcts, 30-d mortality endpoint. g1v§s more
NTR212; 2000-2006 | Ap . (including DNR dose: 90 s 45 | yns induction cycle with AraC {1000 mg/m q1zh, d 16) vs 35%, p<0.001 p=0.43; CBF (11% vs 12%), SAE after With 800 pts ra.pld and
Lowenberg, 2009, 169 with mg ’ Ace 60-65: 73% abnormalltles, p=0.09 cy.cle 2.. More grade 2- estimated 765 higher
2010 (45,46) s-AML) or high- If CR, then either transplant or 2™ randomization to GO (6 mg/m?; g Sha ° | favouring escalated 4 infections, platelet EFS events response rate
risk refractory 25% of pts) or none (60% of pts) [113 pts GO, 119 control]. GO for | VS 31% 2-y EFS 20% vs 17%, transfusions in and 87% without
anemia (n=39, up to 3 cycles, only 58% received all 3 cycles (OR—2‘.64, 1.63- p=0.12; age 60-65: 29% vs | €scalated-dose group; | oo increased
0 4.29); age 66- o . . overall grade 2-4 side toxicity;
5%) 70: 59% vs 58% 14%, p=0.002; age >65: show -
2 97% VS 20% -0.64: CBF effects 80% vs 74%, . ¢ | survival
OR=1.04, ns); p=0.64; 3 improvemen -
( "o | abnormalities: p=0.09 p=0.08 with HR=0.80 | Penefit in pts
age >70 60% vs : p=U. : age 60-65

52% (OR=1.38,
ns)

favoring escalated

2-yr DFS 30% vs 29%,
p=0.77

(1-y EFS from
22% to 30%).

Section 4: Systematic Review - February 2, 2016

Page 74




Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction' RFS) analysis
NCRI AML17; 1206 (3215) Induction; 90 mg/m? DNR + AraC vs 60 mg/m? DNR + AraC [+ GO + etoposide] 73% vs 75%, 2-y 0S 59% vs 60%, 30-d mortality 6% vs ITT. 1700 pts | No survival
ISRCTN55675535; Median 53y consolidation 90 or 60 mg/m? DNR: (90 or 60 mg/m?/d, d 1, 3, 5; Course 2: 50 p=0.6 HR=1.16 (0.95-1.43), 4%, p=0.09. to give 90% beneﬁzt of 90
2011-2013 (range 16-72 | DNR dose: 90 vs 60 | mg/m?/d, d 1, 3, 5) + AraC (100 mg/m? g12h, d 1-10) CR + CRi: 81% %2'15’6 ;:yy Osof';’m R | 60-d mortality 10% vs 3°‘t”erted to mg; m’ BL‘F’{O
-0 9- % vs 69%, p=0. o e etec mg/m
Burnett, 2015 y?, AM_L or mg After course 1, pts were defined by risk of relapse; pts designated VSD84%’ p=0.2; 5%, p=0.001 HR=0.80 in 5-y | overall or in
(47,152) hlgoh-nsk MDS. (GO, etoposide) favourable or intermediate risk received 2™ course with DNR (50 68% vs 66%, 2-y RF5 51% vs 48%, DNR-90 group had DFS improved | subgroups
84% de novo mg/m?, d 1, 3, 5) + AraC (100 mg/m? q12h, d 1-8) along with p=0.4 after HR=1.05, p=0.7 higher rates death due | from 45% to .
AfML’ 19% s-AML treatment depending on molecular group coursads Relapse rate at 2 y: 39% to infection (n=25 vs 53%; closed by Resu(:ts of 2
(including vs 43%, p=1.0 n=11) or resistant - or 3'
t-AML), 6% e  FLT3 mutation (n=130) randomized to Lestaurtinib (CEP-701: o, p=1. ] monitoring randomization
high-risk MDS 40-80 mg bd from 2 d post chemo to 2 d before next course, disease (n=14 vs n=2) committee s will be
up to max 28 d) vs placebo High risk after induction | DNR =90 group had after 1206 pts reported
o e CBF received GO (3 mg/m2on d 1 of course 2) Group A, median 25.8 m | More grade 3-4 due to early separately but
High risk after follow-up. 4-v 05 30% gastrointestinal mortality with | i o
induction: e  Non CBF, non-FLT3, and not poor risk (n=118) randomized to P, yo ° toxicity DNR 90 mg/m? impact DNR
Group A, 393 everolimus (5-10 mg/d, from 2 d post chemo to 2 d before DNR'CI? vs 48%FLAG-IDA, ]d pac
pts (311 next course, max 28 d) or not p=0.10; 4-y RFS 34% DNR- o€ .
Clo vs 46% FLAG-IDA, Poor Risk: FLAG-IDA comparison
adverse Of the pts eligible for lestaurtinib or everolimus, 371 randomized to p=0.2 N
features, addition 1 or 2 course of the treatment plus AraC (3 g/m? q12h, d ) resulted in slower
median age 55 1,3,5) Group B/C median 12.7 count recovery and
y; Group B/C, ’_ ’ ) m follow-up: 3-y OS 11% more supportive care;
82 relapse/ High (poor) risk (Group A: CR but adversg features; Group B: no CR; vs 35%, p=0.4 (18 m OS
refractory Group C relapse): 393 pts were randomized (2:1) to DNR + censored for transplant
median age 47 clofarabine or FLAG + IDA 30% vs 38%)
y) DNR (50 mg/m?, d 1, 3, 5) + clofarabine (20 mg/m?, d 1-5) Group A/B/C: HR=1.29
FLAG-IDA: fludarabine (30 mg/m?, d 2-6) + AraC (2 g/m?, 4 h post favouring FLAG-IDA,
fludarabine, d 2-6) + GCSF (263 pg sc, d 1-7) + IDA (8 mg/m?, d 4-6) p=0.07
ECOG; 1981-1982 40 Induction DAT full-dose vs attenuated schedule 25% full vs 30%, | OS median 29 d full vs Early deaths (60 d): NR Attenuated
Kahn, 1984 (180) | Age >70yby | DNR dose + AraC | Full dose: DNR (60 mg/m?/d iv, d 1-3), AraC (25 mg/m?iv pushd 1 | M 150 d, p<0.02 60% full dose vs 25%, chemotherapy
protocol (69+y | dose: 60 mg x 3vs | then 200 mg/m?/d Cl, d 1-5), TG (100 mg/m? po q12h, d 1-5) p=0.05 }S prel;errled
or elderly
accepted), AML | 50 mg x 1 Attenuated DAT: DNR (50 mg/m?iv, d 1), AraC (100 mg/m? sc q12h, More than 100 d out of patients

d 1-5), TG (100 mg/m? po q12h, d 1-5)

Second course of same therapy allowed if PR or no response

Pts with CR or PR received maintenance therapy with TG + AraC

hospital: 12% full vs
59%

Study terminated early
due to high death rate
of full-dose arm
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction' RFS) analysis
MRC AML9; 1984- 951 Induction; DAT 1+5 vs DAT 3+10 66% DAT 3+10 5-y OS 23% DAT 3+10 vs Time to CR shorter Aimed to DAT 3+10
1990 Age 1-79y, con.sohdatlon; DAT1+5: DNR (50 mg/m? iv, d 1), AraC (100 mg/m? iv q12h, d 1-5) vs 61% DAT 18%, p<0.005; age <60, with DAT 3+10 (median | recruit 1000 more .
Rees, 1996 (156) median 53y, maintenance and TG (100 mg/m? po 12-hourly, d 1-5) 1+5, p=0.15 25%0vs 20%; age 260, 12% | 34 vs 46 d, p<0..0001) pts to be ab:e effective than
age >55y DNR dose + AraC Subgroups: age vs 5% and correspondingly to assess 10% DAT 1+5

starting May

dose: 50 mg, 1 vs

DAT 3+10: DNR (50 mg/m?iv, d 1, 3, 5), AraC (100 mg/m?iv q12h, d
1-10) and TG (100 mg/m? po 12-hourly, d 1-10)

0-49, 83% vs

5-y RFS 28% DAT 3+10 vs

lower total supportive

difference in

1988; de novo | 3d 76%; age 50-59, | 23%, p=0.05 care required. 5-y 05
or secondary If substantial blast population remained after 1** induction course, 63% vs 59%, age Induction deaths 21% between
AML: administered a 2" induction course; for the 1+5 group administered 60-69. 48% vs DAT 3+10 vs 16% induction
randomization 3" and 4" induction courses with DAT 2+8 (DNR, d 1, 6; AraC, d 1-8) | 44 age >70 p=0.06 treatments.
by if needed for CR 45% vs 43%; all
minimization Pts with CR were randomized (n=441) to 2 courses DAT 2+7 ns
for age (6 alternating with 2 courses either MAZE (m-AMSA, AZA, etoposide) or
groups), sex, COAP (cyclophosphamide, VCR, AraC, prednisone)
pre:ou§ ti Those still in CR randomized (n=212) to either 1 y maintenance with
randomization 8 courses AraC + TG — 4 courses COAP or no further cytotoxic
therapy
Russian; 1989-1991 | 16 Induction AraC + DNR (std dose) vs AraC + DNR (low dose) 50% vs 37% 2-y 0S 25+ 6.9 wvs41.9 | Profound neutropenia NR Std dose may
Parovichnikova, | Age 60, DNR dose + AraC | Std dose: AraC (100 mg/m?, q12h iv, 7 d), DNR 45 mg/m’ v, 3 d) +15.6w, p=0.34 duration 20 d vs 13 be used in
1992 (155) median 65y, dose: 45vs30mg | [DNR reduced to 30 mg/m? in 3" year] course 1and9.d vs 7.d elderly pts
AML ) ) R (course 2). Similar
Low dose: AraC (50 mg/m?, q12hiv, 7 d), DNR (30 mg/m*, 3 d) frequency and severity
Maintenance: 5 d rotating AraC with DNR or cyclophosphamide or 6- of complications.
mercaptopurine
ALFA-9801; 468 Induction + High dose DNR vs IDA x 4 vs IDA x 3 (std IDA) No difference ns, p=0.19 NR ITT, powered High dose-
:l;:;)og?)?)y 38; Age 50-70 y; con'stzlidation; AraC at 200 mg/m?/d Cl, d 1-7 for all pts foier 1lfourse. ns at 4y (p=0.19); trend (th.f:hOW 15% 2NR cl’lr):iﬁ’h('j
- : maintenance er a : ifference ose a
median 60y, High dose DNR (80 mg/m?/d x 3 d) vs IDA (12 mg/m%/d x4) vsstd | induction: 70% | L2 SnOTter with DNR vs between arms | no clinicalt
Pautas, 2010 (181) de novo AML IDA dose, DNR: d IDA (12 ma/m2/d x 3 LR IDA3 (p=0.10) - Y
IDA 12 mg x 4 vs 12 ose IDA (12 mg/m ) vs 78% vs 83%, in second relevant
Pts with resistant disease after 1 course could receive 2" course p=0.04 randomization | superiority

mg x 3

with reduced HAM

2 courses consolidation if CR: AraC 1 g/m?* 1h infusion, q12h, 4 d) +
either DNR (80 mg/m?/d, d 1 for course 1 or d 1-2 for course 2) or
IDA (12 mg/m?/d, d 1 for course 1 or d 1-2 for course 2) according
to initial randomization

Maintenance (n=161): 2" randomization for pts in CR to
recombinant-IL-2 (rlL-2; 5x10° U/m? x 5 d each month) for 12
months vs none

over std-dose
IDA
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction' RFS) analysis
Japan; 1994-1997 29 Induction BHAC-DM, reduced (S-1) vs conventional dose (S-2) 46.2% vs 43.8% NR Early deaths 1pt in NR Conventional
Mori, 2000 (167) Age 60-75y, DNR dose + BHAC $1: BHAC (150 mg/m? d 1-7) + DNR (30 mg/m?, d 1-3) + 6MP (70 each group; no grade 4 dose is as
[Japanese; English | newly dose: DNR 30 vs 40 | mg/m?, d 1-7; with allopurinol 300 mg/d) adverse effects acseptzbée as
: reduced dose
abstract and diagnosed AML | mg $2: BHAC (200 mg/m?, d 1-7) + DNR (40 mg/m’, d 1-3) + 6MP (70 i elderl
tables] (de novo or 2 - . y
mg/m?*, d 1-7; with allopurinol 300 mg/d)
s-AML from
MDS) If blasts >15% on d 7 pts received 2 more days therapy
Turkey; 1987-1994 | 40 Induction + AraC + bolus MTZ vs AraC + CI MTZ 75% vs 80%, 0S median 9.8 m vs 14 Grade llI-IV alopecia NR Both bolus
Koc, 2004 (182) Age 18+y consolidation AraC (100 mg/m?/d for 7 d), MTZ (10 mg/m?/d, 3 d; either 30 min | P=0-99 m; 10-y 0S 10.7% vs (p<0.05) and grade |-l and iv MTZ
(median 30y), | MTZ admin: 30 infusion or 24h infusion) 21.3%, p=0.26 ?ep;t(;)1t;Jx1c1ty :effec:we but
newl min or 24 h " . . Age <40: 8.8 m vs 15.2 p=1.L%) more ong-term
diagr:,osed AML 2" course in pts without CR mg p=0.03 frequent in Cl arm. survival low
Pts with CR had 2 cycles consolidation with bolus or Cl MTZ (10 ) More grade IlI-IV for both.
mg/m?/d, 2 d) + AraC (100 mg/m?/d, 5 d) ';A;C;an D1';S 190.:ST6V;7 nausea was observed
.2 m; 10-y 7% ;
Maintenance: MTZ (bolus or CI, d 1, 5) and AraC at same doses for vs 28.6%, p=0.36 ;r;/the_g(ilgs arm (9% vs
total of 12 cycles chemotherapy; max cumulative dose of MTZ 160 b, p=0.10).
2 Age <40: DFS 11.2 m vs
mg/m
29.3 m, p=0.02
USA; 1991-1994 54 Induction MTZ (80 mg/m* d 2) + AraC vs MTZ (12 mg/m?, d 1-3) + AraC 57% high-dose 0S median 9 mvs 6 m, Significant toxicity An 80% power | Toxicity of
Feldman, 1997 Age >60 y MTZ dose: 80 x1 | AraC (3 g/m?iv over 3 h, d 1-5); MTZ (iv infusion over 15 min; 80 Vs 42%, ns ns included mucositis, was required | high-dose not
(183) (median 70'y), | vs 12 mg x 3 mg/m2/d, d 2; or 12 mg/m?/d, d 1-3) Median RFS 5 m vs 3 m, ﬁ‘a"hsfl’; tL?”S‘e’?t t‘l’)accept :‘” worse.
newly - : ns; Median time to yperbitirubinemia, absence o For survival
No consolidation chemotherapy if CR, but observed for relapse ’ ; i omifi ’
diagnosed AML, Py P relapse 7 m vs 5 m c§1rd1ac events but no 51gn1f1cant study
pre-existing d1ff§rence betwe_en difference designed to
MDS or other regimens. Ind.uctlon detect or
hematologic death 3 pts high-dose exclude a
disorder vs 8 pts low-dose very large
included (n=20) difference
and under-
powered to
confirm or

reject smaller
differences
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics for induction' RFS) analysis
JALSG AML95; 437 Induction Response-oriented individual induction (duration determined by 79.4% vs 81.9%, | 7-y OS: 37% vs 39%, Early death 4.8% vs ITT No advantage
1995-1997 Age 15-64 y IDA (# cycles) response) vs std fixed-schedule induction using IDA + AraC p=0.598 p=0.496 1'.8%?,.p=0.10.5; no of'response-
Ohtake, 2010 (184) | with previously IDA (12 mg/m? iv, d 1-3 d) + AraC (100 mg/m? CI, d 1-7) 7-y EFS: 22% vs 23%, ?‘g”‘f‘cal'“t Tfferences ?’(‘f”tt‘?d
- R in complications induction
untrea.ted AML, In the individualized group, bone marrow aspiration was performed p=0.546; FFS of CR pts compared
excluding FAB- on d 8, and if the marrow was not severely hypoplastic and had 27% vs 29%, p=0.712 with fixed
M3; (?xcluded more than 15% blasts, additional IDA was given on d 8 and AraC on d Subgroup age >50: RFS schedule
prediagnosed 8 to 10, or if the marrow was severely hypoplastic and had more 17% vs 34%, p=0.026 . .
MDS thzn91 5% blasts, additional IDA was given on d 8 and AraCon d 8 Subgroup age <50: RFS I;::fsfebr;r;;: in
and 9.
34% vs 25%, p=0.194 subgroup
Pts in both groups without CR received a 2™ course after 3-4 weeks cannot be
Pts with CR received consolidation and maintenance explained,
may be bias
or
confounding
JALSG GML200; 245 Induction; Fixed-schedule or response-oriented induction with DNR + BHAC 60.1% fixed 4-y OS 18.2% vs 17.1%, Early death (30 d) 4.1% | ITT. Could not
UMIN-CTR (Japan): Age 65-80 y, consolidation DNR (40 mg/m?/d by 30 min infusion, d 1-3; for pts age >70 used 30 .groyp.) Vs 6.3.6% p=0.807 (median 448 d vs | vs 3.3% Primary demonstrate
Exgggggggg’ median 71y, DNR (# cycles) mg/m?/d) + BHAC (200 mg/m?/d by 3h infusion, d 1-8) m%v;(;lghzed, 496 d) endpoint of 1% th.at rtesdponse-
; p=0. - : g oriente
2000-2005 n_ewly In the individualized group, bone marrow aspiration was performed Multlvarlatfe analysis randomization individualized
. dlagno'_sed AML, on d 8, and if the marrow was not severely hypoplastic and had 1 cours:e. 46.3% found !'10 difference by was CR. 98 therapy was
Wakita, 2012 (185) | excluding FAB- more than 20% blasts, additional BHAC was given on d 9 and 10. If vs 43.8% induction treatment pts/grOL:p to not inferior
M_3 or pre- 20-50% of blasts remained, DNR was added on d 8, and if more than group, p=0.8264 have 70%
diagnosed MDS 50% of blasts remained, DNR was added on d 8 and 9. Another bone 4-y RFS 8.8% fixed vs power to
marrow aspiration was performed on d 10, and if the marrow was 17.9%, p=0.467 (median de:nonstrate
not severely hypoplastic and had more than 20% blasts, additional 301 d vs 399 d) .10/’ r?on.- .
BHAC was given on d 11 and 12. If 20-50% of blasts remained, DNR lnfenoorlty n
was added on d 11, and if more than 50%of blasts remained, DNR §5R9/()6O/: Vs

was added on d 11 and 12
Pts in both groups without CR received a 2™ course after 3-4 weeks

All patients who had achieved CR were randomized (n=123) to
consolidation therapy with or without ubenimex (see Table 4-14)

6MP, 6-mercaptopurine (mercaptopurine); AraC, cytarabine = arabinofuranosyl cytidine = cytosine arabinoside; AZA, azacitidine; BHAC, N*-behenoyl-1-8-D-arabinosylcytosine (widely used in Japan instead of AraC since 1979); Cl, continuous
iv infusion; COAP, cyclophosphamide, VCR, AraC, prednisone; CR, complete remission (complete response); CRi, complete remission with incomplete recovery; DAT, DNR +AraC + 6-thioguanine (TG); DFS, disease-free survival; DNR,
daunorubicin; EFS, event-free survival; FLAG, fludarabine + high-dose AraC + GCSF; GCSF, granulocyte-colony stimulating factor; HAM, high-dose cytarabine + mitoxantrone; GO, gemtuzumab ozogamicin; HCT, hematopoietic cell
transplantation; HDAC, high-dose cytarabine; HSCT, hematopoietic blood stem cell transplantation; IDA, idarubicin; IL2, interleukin-2; ITT, intention to treat; iv, intravenously; MDS, myelodysplastic syndromes; MTZ, mitoxantrone; NR, not
reported; OS, overall survival; po, oral administration (per os); PR, partial response/remission; RFS, recurrence-free survival; s-AML, secondary AML arising from MDS or myeloproliferative disease; SAE, severe adverse effect; sc,
subcutaneously; std, standard; t-AML, therapy-related AML following treatment of primary malignant disease; TAD, thioguanine + cytarabine + daunorubicin; TG, 6-thioguanine; VCR, vincristine

Section 4: Systematic Review - February 2, 2016

Page 78




Table 4-4. Induction, anthracycline comparison: IDA versus DNR

Back to Recommendations

Back to Results

Back to Discussion

Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction RFS) analysis
China; 2009-2011 68 Induction AML pts: IDA (domestic) + AraC vs DNR (imported) + AraC AML + ALL: 60% IDA vs NR Duration of remission >1 | NR IDA more
Jia, 2011 (186) AML (n=45) or | IDA vs DNR IDA (8 mg/m?, 3 d), DNR (25 mg/m?, 3 d), AraC (150 48% DNR, (p=0.50 for CR y: 17 pts IDA vs 6 pts effective than
[Chinese, English ALL (n=23), age mg/m?, 7 d) +PR) DNR, p=0.02. DNR
abstract] <65y ALL: [VCR, domestic IDA, cyclophosphamide, AML: 54.2% vs 47.6%
l-asparaginase, prednisone] vs [VCR, imported DNR,
cyclophosphamide, l-asparaginase, prednisone]
South Africa; 1985- 104 Induction IDA + AraC vs DNR + AraC 67% IDA vs 58%, ns; 1 OS NR IDA resulted in less NR IDA is safe
1987 Age <70y, IDA vs DNR IDA (20 mg/m?/d po, 3 d), AraC (25 mg/m? iv loading dose | CYC!€ 48% Vs 29%, Median duration hausea (35% vs 73%), and effective
Bezwoda, 1990 (187) | ANLL, no prior then 100 mg/m?/d Cl, 7 d), DNR (30 mg/m?/d iv, 3 d) p=0.01 remission 14 mvs 10 m | VOmiting (25% vs 60%),
therapy for stomatitis (8% vs 31%),
py. 2 cycles planned; pts in remission received 1 cycle shorter duration of
leukemia consolidation with same regimen neutropenia, less need
for platelet support.
Median duration CR 62
w vs 48 w, ns. Clinical
cardiotoxicity in 4 pts
(8%) with DNR vs 0 with
IDA
Japan 64 Induction IDA + AraC vs DNR + AraC 59.4% vs 40.6%, NR Duration to attain <5% Assuming IDA + AraC is
Masaoka, 1996 (188) | Age 15-70'y, IDA vs DNR IDA (12 mg/m?/d iv bolus, d 1-3), DNR (40 mg/m?/d iv p=0.211, adjusted leukemic cells in bone | response rate | treatment of
previously bolus, d 1-3), AraC (80 mg/m? 2h iv infusion q12h, 7 d) p=0.004; p=0.010 for marrow was shorter in of 80% IDA and choice

untreated ANLL
(no previous
treatment with
IDA, DNR or
AraC; no
influence of
any other
previous
therapy)

After the first course bone marrow and peripheral blood
were tested. If insufficient response, additional IDA/DNR
or a second treatment course were administered

IDA to be equivalent or
superior

Age 15-39: 60% vs 55.6%
Age 40-49: 75% vs 27.3%

Age 50-59: 55.6% vs
44.4%

Age 60-69: 40.0% vs
33.3%

IDA group (p=0.072).
IDA group had more
diarrhea (43.8% vs
28.1%; no difference in
grade 3+); DNR had
more changes on ECG
parameters; other
adverse reactions were
similar

60% DNR, using
a=0.06 and
B=0.20, target
of 30 pts per
group

12 Results for agents in parentheses are reported in the relevant tables

Section 4: Systematic Review - February 2, 2016

Page 79




Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction™ RFS) analysis
France; 1987-1991 220 Induction + IDA + AraC vs DNR + AraC 67.9% IDA vs 61.1% DNR, | 3-y OS: median 328 d Hematologic and non- NR IDA probably
Reiffers, 1996 (189) | Age 55-75y, con.sohdatlon + IDA (8 mg/m?/d, iv bolus, 5 d), DNR (50 mg/mZ/d, iv bolus, p=0.30 IDA vs 273 d DNR, p=0.3 h.err‘lato‘loglc toxicities more efficient
untreated de | Maintenance 3 d), AraC (100 mg/m?/d Cl, 7 d) Age 55-64: 83% vs 58%, | 3-y DFS similar overall | Similar in both arms ;‘;'795“ age
novo AML IDA vs DNR Pts with CR received consolidation (n=131): AraC (50 p=0.007 (p=0..22) but better thh
mg/m? q12h sc, 5 d) + either DNR (30 mg/m? iv bolus d 1-3) | Age 65-75: p=0.44 IDA in age >65 (median
or IDA (8 mg/m? iv bolus d 1-3) according to the initial 21.6mvs 9.4 m,
randomization arm p=0.016)
Maintenance in pts with persistent CR (n=112): [AraC (50 EFS longer in _IDA
mg/m? sc q12h, 5 d) + DNR (30 mg/m? d 1) or IDA (8 mg/m? (p=0.07; median
d 1) according to initial randomization for 5 courses] and a p=0.03)
continuous regime of methotrexate (15 mg/m? im, 3 times
every 15 d) and 6MP (100 g/m? po for 15 d) as alternating
15 d courses for 2 years
ECOG E3993; 1993- 348 Induction DNR vs IDA vs MTZ; 41% DNR, 43% IDA, 46% 0OS median 7.7 m, 7.5 NR 84% power to No conclusion
1997 Age >55y, DNR vs IDA vs MTZ all received AraC (100 mg/m?/d Cl for 7 d) MTI m,7.2m g:;e;L(RZI: fr;)Sn; rec_ia:lrdmg ll?GSt
: . : . % 0 75% | anthracycline
Rowe, 2004 (190) previously (GM-CSF) DNR (45 mg/m?/d iv, d 1, 2, 3); IDA (12 mg/m?/d, d 1, 2, Age <70: 46% DNR, 55% Median DFS: 5.7 m, 9.4 cither IDA or
untreated AML 3); MTZ 12 mg/m?/d, d 1, 2, 3) IDA, 51% MTZ, p=0.04 m, 7.1 m; p=0.68 for WTZ
DNR vs IDA DNR vs IDA :
2" induction cycle if residual leukemia
Age>70: 30% DNR, 24%
Starting 1994 was also randomization to GM-CSF (250 IDA, 33% MTZ, p=0.37
pg/m?/d sc) vs placebo starting 2 d before induction IDA vs MTZ
Also see GM-CSF section
GIMEMA; 1984-1987 255 Induction + IDA + AraC vs DNR + AraC 40% IDA vs 39% OS median survival 87 d | Early or hypoplastic ITT IDA acts more
Mandelli, 1991 (50) | Age 55-80'y, consolidation IDA: 12 mg/m?/d for 3 d; DNR 45 mg/m?/d for 3 d; AraC One cycle: 29.8% vs vs 169 d, p=0.23 death 37.9% vs 21.6%; rapidly but no
median 62 y; | IDA vs DNR 100 mg/m?/d Cl, d 1-7 20%, p=0.02 Median RFS 299 d vs 284 | €arly death included overall
previously . ] d deaths prior to advantage;
untreated 2" course if not CR: IDA 2 d or DNR 2 d; AraC 5d Cl ‘ treatment (n=15) lower dose of
ANLL; included Consolidation: 4 courses IDA (12 mg/m?, d 1) + AraC (50 Medlén response Resistant disease 14% vs IDA may
those with mg/m? sc) + TG (50 mg/m? po q8h, d 1-5) or DNR 45 mg/m? duration 274 d vs 239 d 31% reduce
; d1)+AraC + TG toxicity
previous . ) Clinical complications
my.elodysplastl similar except more
¢ disorders infections in IDA group,
p=0.06
Section 4: Systematic Review - February 2, 2016 Page 80




Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction™ RFS) analysis
Mexico 89 Induction IDA + AraC vs DNR + AraC [2 cycles] 55% IDA vs 45% DNR, ns NR Early deaths 30% vs 20%. | NR
Rubio Borja, 1993 Age >16y, IDA vs DNR IDA (10 mg/m?, 3 d), DNR (45 mg/m?, 3 d), AraC (100 Similar toxicity, no
(52) [abstract] mean 35y, de mg/m?, 7 d), significant difference
novo AML 2" cycle as above except AraC (5 d), IDA (2 d), DNR (2 d)
SECSG AML 305; 230 Induction + IDA + AraC vs DNR + AraC 71% IDA vs 58% DNR, OS median 297 d vs 277 Non-hematologic NR IDA more
1985-1989 Age >14y consolidation IDA (12 mg/m? slow iv, d 1-3), DNR (45 mg/m? slow iv, d 1- p=0.032 d [in text], n.s; 1.1 m IDR .toxicit.ies d.uri.ng feffecti.ve for
Vogler, 1992 (191); | (median 60y) | IDA vs DNR 3), AraC (100 mg/m?/d Cl, 7 d), After 1 course: 55% vs ng g;%NR [in figure], | induction similar. induction
. p=0.
see Berman 1997 for | previously 2" induction course if blasts persisted 45% 5 pts deaths from IDA vs
long-term data (192) | untreated AML Age 15-50: 34% vs 25%, 1 DNR during late
(M1-M6; 7% IDA Pts with CR received 3 courses consolidation: AraC (100 median 511 d vs 585 d intensification
’ 2 2 . b
and 13% DNR mg/m* q12h, 5d) + TG (100 mg/m* po q12h, 5 d) + either p=0.68; age 51-60: 21% .
were M3) DNR or IDA according to initial randomization (DNR, 50 vs 5%. median 364 d vs Those .\A{ho rjecelved late
mg/m? d 1; IDA, 15 mg/m? d 1) T ) intensification had
T 179 d, p=0.16; age >60, | |5nger survival than
Late intensification (maintenance) at 13-week intervals, 10% vs 7%, median 235d | | oo o 4 (DNR group:
but abandoned after 47 pts due to 6 deaths secondary to vs 209 d, p=0.66 median 17 m vs 11 m
aplasia [AraC 100 mg/mz Cl, d 1-5; DNR 45 mg/mz or IDA 12 After longer follow-up p=0.025; IDA group 42 m
2
mg/m*, d 1-2] (about 9 y): IDA better, | vs 13 m, p=0.008); more
p=0.087 infections in IDA arm
Median remission (95% vs 83%, p=0.026)
duration 433 d vs 328 d,
p=0.11. Relapses as of
Jan 1, 1992: 53% IDA vs
74%, p<0.01
US Multicenter 214 Induction IDA + AraC vs DNR + AraC 70% vs 59%, p=0.08; IDA better, median 12.9 | CR duration longer in ITT for primary | IDA is superior
Study Group; 1985- Adults, median | IDA vs DNR IDA (13 mg/m?/d, d 1-3), DNR (45 mg/m?/d bolus iv, d 1- with 1 course: 55% vs m vs 8.7 m, p=0.038 IDA arm (9.4 m v§ §.4 analyses. to DNR at
1989 38%, p=0.015 m, p=0.021); toxicity doses used

Wiernik, 1992 (193);
see Berman, 1997
for long-term data
(192)

55 y; previously
untreated AML;
excluded
treatment-
related AML;
stratified by
age (18-50y,
51-60y, >60y)

3), AraC (100 mg/m?/d Cl, 7 d),
2" course in pts without CR

Post-remission therapy consisted of 2 courses same as
induction therapy but for 2 d DNR/IDA and 5 d AraC

Age 18-50: 88% vs 70%,
p=0.035

Age 51-60: 71% vs 65%,
ns

Age >60: 50% vs 44%, ns

Age >60: 3.4mvs 3.2 m

Age 18-60: 16.5 m vs
10.7 m, p=0.03

For OS after CR, median
549 d vs 478 d; 2-y OS
18% vs 8%

After longer follow-up
(10'y), IDA vs DNR,
p=0.10

similar although IDA pts
had more prolonged
myelosuppression during
consolidation
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction™ RFS) analysis
EORTC/GIMEMA 2157 Induction + DNR vs MTZ vs IDA [+ AraC + etoposide in all] 68.7% DNR, 69.8% MTZ, median 1.4y (all Similar hematopoietic ITT. 1353 pts MTZ or IDA
AML-10; 1993-1999 Age 15-60 y, consolidation DNR (50 mg/m?, 5 min infusion, d 1, 3, 5), MTZ (12 mg/m?, 66.9% IDA; MTZ vs DNR groups), ns recove.ry after (744 de;lths) to | resultsin
Mandelli, 2009 (49) | median44y, | DNRvsMTZvsIDA | 30 min infusion, d 1, 3, 5), IDA (10 mg/m?, 5 min infusion, | P~0-63; IDAvs DNR 5-y 0S: 31.4% DNR, induction; shorter detect increase | better
previously d1,3,5) p=0.49 33.7% MTZ. 34.3% IDA: recover after DNR in 5-y OS from efficacy for
o - Y consolidation (p<0.001). | 40% to 50% for pts who do
unt.reated AML All patients received AraC + etoposide in induction and + MTZ vs DNR HR=0.95, o IDA vs DNR and | not receive
(primary or AraC in consolidation; 2" induction course with same drugs P=0:43; IDA vs DNR similar grade 3-4 MTZ vs DNR allogeneic
secondary) if PR HR=0.94, p=0.35 adverse effects after ’ S
1 induction: DNR Would allow SCT (no HLA-
AraC (25 mg/m? iv bolus then 100 mg/m? Cl daily for 10 d); consolidation resulted detection of compatible
etoposide (100 mg/m? iv over 1 h, d 1-5) in less frequency of 10% difference | sibling donor)
If CR: consolidation with AraC (500 mg/m? as 2h infusion severe infections 18nOC/CR (70% vs
q12h, d 1-6) plus DNR/MTZ/IDA as previously (d 1-6) (p=0.001) and other 6)-
Younger pts with sibling donor assigned to allogenic SCT; ItSZI'C]tISSZ(g:O‘I%_ZS
rest were to receive autologous SCT P PeRAUVS )
EORTC/GIMEMA 1007 Induction + Pts without HLA sibling donor 5-y OS 35.7% DNR vs Of pts in CR without NR IDA and MTZ
AML-10; 1993-1999 consolidation Autologous SCT in 478 pts 43.2% MTZ vs 44.7% IDA: | HLA-identical sibling, better if no
: MTZ vs DNR HR=0.81 autologous SCT sibling donor
Mandelli, 2009 (49 DNR vs MTZ vs IDA
“ See other entry for data for all pts (0.63-1.05), p=0.03; IDA | performed in 37% DNR
vs DNR HR=0.77 (0.59- vs 29% MTZ vs 31% IDA;
1.00), p=0.01 lower rates in MTZ and
5-y DFS 29.1% DHR vs IDA (p<0.001) due to
37.1% MTZ vs 37.0% IDA; | toxicity and/or lower
MTZ vs DNR HR=0.80 success rate of stem-
(0.63-1.03), p=0.02; IDA | Cell collection
vs DNR HR=0.83 (0.65-
1.07), p=0.06
EORTC/GIMEMA 465 Induction + Pts with sibling donor available (potentially suitable for 5-y OS: 54.3% DNR vs NR NR No difference
AML-10; 1993-1999 consolidation allogenic SCT); 322 (69.2%) had allogeneic SCT 48.0% MTZ vs 52.8% IDA; in long-term
Mandelli, 2009 (49) DNR vs MTZ vs IDA See other entry for data for all pts MTZ vs DNR HR=1.19 outcome
(0.78-1.83), p=0.28, IDA
vs DNR HR=1.03 (0.67-
1.59), p=0.87
5-y DFS 47.9% DNR vs
44.1% MTZ vs 45.6% IDA;
MTZ vs DNR HR=1.09
(0.73-1.63), p=0.58, IDA
vs DNR HR=0.99 (0.66-
1.47), p=0.93
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction™ RFS) analysis
Memorial Sloan 130 Induction + IDA + AraC vs DNR + AraC 80% IDA vs 58%, p=0.005 | OS at 5-y follow-up Median time to Primary IDA can
Kettering L-19; Age 16-60 y con.sohdatlon; IDA (12 mg/m?/d for 3 d), AraC (25 mg/m? iv bolus then 1 course: 60% vs 28%, (median 2.5y ): 19.7 m remission (for pts with otftct.)me CR. .replace DNR
1984-1989 (median 38y), maintenance 200 mg/m? Cl for 5 d) DNR (50 mg/m?/d for 3 d) p=0.01. ::I)I? \151103.5fml[ p=0.025. gﬁ;was 33dIDAvs 41d I(::)l Br@n- m.tphts agel <60
. a y follow-up: . eming with newly
Berman, 1991 (194); n_ewly IDA vs DNR If CR after 1 or 2 induction cycles then received 2 courses CR higher for IDA for IDA better, p=0.015 o multiple- diagnosed
see Berman, 1997 diagnosed AML; of consolidation therapy using same drugs as induction but each age group: Age 18- ) Nf) s1gn1f1c§nt testing AML.
for long-term data | exclude pre- lower dose (DA 12 mg/m?/d for 2 d or DNR 50 mg/m?/d for | 30, 80% vs 55%; age 31- | OnW 12 pts randomized | difference in non- procedure to
(192) existing MDS, 2 d, AraC 25 mg/m? iv bolus then 200 mg/m?/d Cl for 4d) | 50, 85% vs 62%; age 51- | L0 Maintenance ornot; | hematologic toxicity. permit 4
secondary 60. 71% vs 58% median OS 54 m " )
leukemia or Pts remaining in remission were randomized (n=12) to 1y » L1 3 maintenance vs 23 m interim
CML maintenance with low-dose AraC (5 mg/m? sc q12h for 14 d p=0.37 analyses (after
each month) or no further therapy each group of
20 pts/arm)
and stopping if
significance
reached.
JALSG AML201; 1057 Induction; High-dose DNR + AraC vs std dose IDA + AraC 77.5% DNR vs 78.2% IDA, | 5-y OS 48% DNR vs 48% Early deaths (60 d) 2.1% | ITT. Powered High-dose
C000000157; 2001- Age 15-64 y, de consohdat.lor? Stratified by age (younger or older than 50 y) and FAB .p=0.7.9. Concluded non- | IDA, p=0.54 DNR vs 4.7% .IDA, to de_mon_strgte DNR and std
2005 novo AML (post-remission) classification inferior 5-y RFS 41% vs 41%, Fs):i(;.;, se;;s;sy(grat(:!)eo.;- n?r;-;lr:erlonty dose lIlDA
htake, 2011 (51); ing FAB 1% : 61.1% DNR =0. ANV 8. 1%, p=U.05 | 0 equatly
0. take, : 011 (51); excluding IDA vs DNR DNR (50 mg/m?/d, 5 d); IDA (12 mg/m?/d, 3 d); AraC (100 course: 61.1% vs | p=0.97 recover y from compared with | effective for
Miyawaki, 2011 (86) | M3 or pre- me/m2/d Cl. d 1-7 64.1% IDA, p=0.39 .
: £ ’ ) neutropenia and IDA. 840 pts to | adults age
diagnosed MDS FAB M6: 38% DNR vs 78% ~ :
2" course given after 3-4 weeks for pts without CR DA O 03"7 ° thrombocytopenia (27 d | give 90% power | <65.
, P=U.0375 no = .
Patients with CR (n=781) were randomized to 3 courses differences in other vs 28d, p=0.0011; 24 vs | at 1% level to
2 25 d, p=0.0034) demonstrate
HDAC (2 g/m* q12h for 5 d) vs 4 courses std-dose subsroups . L
group non-inferiority
chemotherapy [course 1: MTZ + AraC; course 2: DNR + ine 80Y%
AraC; course 3 ACR + AraC; course 4: AraC + etoposide + assuming 897
. . CR rate.
vindesine]
GOELAMS LAM-2001 823 Induction IDA + AraC vs DNR + AraC 83% vs 81% 0S: Subgroup with NR Main objective
NCT01015196; 2001- | Age 17-60y, IDA vs DNR IDA (8 mg/m?/d iv, d 1-5), DNR (60 mg/m?/d iv, d 1-3), auto-HSCT: 4-y 05 57% was comparison
2005 median 48 y, AraC (200 mg/m?/d iv, d 1-7) vs 50%, p=0.16 °tf a:to.' HSCT
. : ) strategies
Chevallier, 2010 previously 2" induction if d 15 bone marrow >5% blasts and/or Auer Subgroup with auto
(195) untreated non- rods using same agents as cycle 1 but different HSCT: 4-y LFS 46% vs
M3-AML; t-AML dose/schedule: 34%, p=0.02
allowed
AraC (1 g¢/m?/12 hiiv, d 17-20), IDA (8 mg/m?/d iv, d 17-
18), DNR (35 mg/m?/d iv, d 17-18)
Pts without HLA-identical sibling donor received auto-HSCT
(one or 2 times)
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Trial name(s) or Number of Phase randomized; 0S; other survival Statistical
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction™ RFS) analysis
German AML 373 Induction + Study B (n=373): HDAC and IDA vs common control arm CR+CRi: 74%vs 70%, ns 5-y OS 46.6% vs 44.3%, NR Primary No significant
Intergroup Study B: Age 18-60 y, consolidation IDA (12 mg/m? over 20-30 min iv, d 1-3) + AraC (2 g/m?, d p=0.933 endpoint EFS, differences of
2002-2008 median 47 y IDA + HDAC vs DNR | 1, 3, 5, 7) [AraC either in 2 fractions/d over 3 h iv or by Cl] 5-y RFS 46.7% vs 44.8%, secondary 05 the 5
OSHO 061: ns and RFS. Power | treatment
’ Patients achieving remission received induction-type di
NCTO1414231 (AML lidation and autologous, family d lated 5-y EFS 34.5% vs 31.5% e8| e
2002 #061) consolidation and autologous, family donor, or unrelate -y .5% vs 31.5%, 15% difference | compared
donor SCT p=0.432 in 5-y survival with the
Buchner, 2012 Common control arm. Induction: AraC (100 mg/m?/d Cl, d probabilities common (std)
(196); o 1-7) + DNR (60 mg/m?/d iv over 2 h, d 3-5); 2™ course was >90% arm
https://clinicaltrials starting on d 22. Consolidation: 3 cycles at monthly
-80v/ct2/show/NCT intervals of HDAC (3 g/m? over 3 h q12h, d 1, 3, 5)
01414231
ALFA-9803; 429 Induction; IDA + AraC vs DNR + AraC 59% IDA vs 54% DNR, 2-y OS 27% (all pts), Induction death rate 9% | ITT. Primary No noticeable
;lg(‘)l’()00363025; 1999- Age >65y, consolidation IDA (9 mg/m? d 1-4) vs DNR (45 mg/m? d 1-4) p=0.28 similar in0b3o7th induction | vs 10%, p=0.87 eor;dpoint 2-y giftferencel:)NR
. g ) arms, p=0. etween
_ med1.an 72y, IDA vs DNR AraC 200 mg/m? iv, d 1-7 in both arms CRin 1 cycle: 59% IDA and IDA
Gardin, 2007 (53) previously vs 48% DNR, vs p-0.03
untreated AML Consolidation if CR (2" randomization; n=164): intensive
(s-AML); 20% or (single course as for 1nduct;ion) Vs outpatier;t (ambulatory;
more myeloid 6 monthl;zl cycles 45 mg/m DNR or 9 mg/m” IDA, d 1 plus
marrow blasts 60 mg/m“/12 h AraC iv, d 1-5)
ALFA-9801; 468 Induction + High dose DNR vs IDA x 4 vs IDA x 3 (std IDA) No difference after 1 4-y OS 23% vs 34% vs NR ITT, powered High dose-
2&;’600931 138; 1999- Age 50-70 y; con.sc;hdatlon; AraC at 200 mg/m?/d Cl, d 1-7 for all pts f:o:rszte‘. Aft%;ll 8 32%, p=0.19 :jc?f:how 15% SNR c;;’)/r:lﬁh;j
: maintenance induction: 70% vs 78% vs o 9 ifference ose a
median 60, High dose DNR (80 mg/m?/d x 3 d) vs IDA (12 mg/m?/d x 4) | g3o 1_0.04 4-y EFS 12% vs 225 vs between arms | no clinically
Pautas, 2010 (181) de novo AML IDA x 4 vs IDAx3 vs vs std dose IDA (12 mg/m2/d x 3) 0, P=U. 21%, p=0.19; trend to '
DNR shorter with DNR vs n secon.d . releve?nt'
Pts with resistant disease after 1 course could receive 2" IDA3 (p=0.10) randomization superiority
course with reduced HAM over std-dose
2 courses consolidation if CR: AraC 1 g/m?* 1h infusion, IDA
q12h, 4 d) + either DNR (80 mg/m?/d, d 1 for course 1 or d
1-2 for course 2) or IDA (12 mg/m?/d, d 1 for course 1 or d
1-2 for course 2) according to initial randomization
Maintenance (n=161): recombinant-IL-2 vs none
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Statistical

Trial name(s) or Number of Phase randomized; 0S; other survival
location, enrolment, patients and major comparison Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
source characteristics for induction™ RFS) analysis
ALFA-9801 and 727 Induction DNR (total 240 mg/m?) vs DNR (total 180 mg/m?) vs IDA IDA vs DNR: 69% vs 61%, IDA vs DNR: median 14.2 | Cure rate, IDA vs DNR NR IDA predicts
. 2 — = = -
ALFA-9803; 1999- Joint analysis, IDA vs DNR (total 36 mg/m?) p=0.029 m, p=0.13 16.6% vs 9.8%, p=0.018 better long

2006
Gardin, 2013 (197)

age >50,
median 67 y;
excluded high-
dose IDA arm

(Anthracycline DNR
dose)

AraC at 200 mg/m?/d Cl, d 1-7 for all pts
High dose IDA arm not included

overall; 27.4% vs 15.9%
p=0.049 age <65y

term outcome

6MP, 6-mercaptopurine (mercaptopurine); ACR, aclarubicin; ANLL, acute non-lymphoid leukemia; AraC, cytarabine = arabinofuranosyl cytidine = cytosine arabinoside; Cl, continuous iv infusion; CR, complete remission (complete response);
DFS, disease-free survival; DNR, daunorubicin; EFS, event-free survival; GM-CSF, granulocyte-macrophage colony-stimulating factor; HAM, high-dose cytarabine + mitoxantrone; HCT, hematopoietic cell transplantation; HDAC, high-dose
cytarabine; HSCT, hematopoietic blood stem cell transplantation; IDA, idarubicin; IL-2, interleukin-2; ITT, intention to treat; iv, intravenously; LFS, leukemia-free survival; MDS, myelodysplastic syndromes; MTZ, mitoxantrone; NR, not
reported; OS, overall survival; po, oral administration (per os); PR, partial response/remission; RFS, recurrence-free survival; s-AML, secondary AML arising from MDS or myeloproliferative disease; sc, subcutaneously; SCT, stem cell transplant;
std, standard; TG, 6-thioguanine; VCR, vincristine
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Table 4-5. Induction, anthracycline comparison: MTZ versus DNR Back to Recommendations

Back to Results

Back to Discussion

Trial name(s) or Number of patients ranzzs:iied' 0S; other survival Statistical
location, and maior com ari,son Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics ) . p. 13 RFS) analysis
for induction
HOVON AML-9; 489 Induction + MTZ + AraC vs DNR + AraC 46.6% MTZ vs 5-y OS 6% vs 9%, ns. Death (early or post- | 488 pts to MTZ provided
1986-1993 Age >60 y, median consolidation; MTZ (8 mg/m? iv bolus, d 1-3), AraC (100 mg/m? Cl, d 1-7), DNR (30 38.0% DNR, OS median 39 w vs 36 | induction) 21.1% d.etect . better response
Lowenberg, 1998 68y, AML maintenance mg/m? iv bolus, d 1-3) p=0.067 w, p=0.23. MTZ vs 14.9% DNR, difference in | rates, but
' ’ ’ ; =0.079 CR rate from | overall survival
(198), Lowenberg, MTZ vs DNR 2" induction course if PR Survival from CR p )
1997 (199) median 74 w vs 55 w; | Neutropenia 49% to 55%‘. ‘f’md DFS did not
Consolidation if CR using same agents but 1 d of DNR or MTZ 5-y survival 12% vs duration median 22 | Final analysis | improve.
2" randomization (n=147) after consolidation for patients in CR: no 16%, RR=0.85 (0.633- | d MTZ vs 19 d DNR. thetrh425 Low-dose AraC
further therapy (arm A) vs low-dose AraC (10 mg/m? sc q12h, d 1-12 1.149) More severe caths. maintenance
at 42-d intervals for 8 cycles or until relapse) 5-y DFS 8% in each infections with MTZ | 208 pts to improved DFS
arm: median DFS 39 (25.1% vs 18.6%, detect 15% but effect
' p=0.036) difference unclear in AML-
Insufficient pts in consolidation arms (228 planned vs 147 actual) so W VS,39, W DFS from 10% vs 25% 11 trial with
CR similar, p=0.73 (10% vs 25%) trial wit
additional pts were randomized in the HOVON AML-11 trial (199) ’ ’ inDFSat3y | higher AraC
and a meta-analysis of the results of the two studies was between during
performed. The AML-11 trial used higher AraC during induction (200 maintenance | induction; no
mg/m?) but both trials used 10 mg/m? during maintenance. groups with | significant
[note that the AML-11 is a trial of GCSF for induction] final analysis | difference in
after 171 [0
events
Argentina; 1985- 143 Induction MTZ (12 mg/m? iv) + AraC vs DNR (45 mg/m? iv) + AraC 50% MTZ vs 39% | Median survival 103 d | Median duration NR MTZ and DNR
1987 Previously MTZ vs DNR Both groups received AraC (100 mg/m? Cl for 7 d) DNT . vs 160 d, p=0.85 :‘Z?ljswnofg-d Vs sm:larfetfﬁcacy
Pavlovsky, 1994 untreated AML, . 1 cycle » P=0.63; more and satety
(200) adult Those with CR had consolidation with MTZ or DNR 53% MTZ vs 435 early deaths with overall
DNR overall, MTZ (24 vs 15 in
p=0.34 first 21 d)due to

myelosuppression
and deficiency in
supportive care but
more failure with
DNR

'3 Results for agents in parentheses are reported in the relevant tables
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Phase

Trial name(s) or Number of patients randomized: 0S; other survival Statistical
location, and maior com ari;on Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
enrolment, source characteristics ) . p. 13 RFS) analysis
for induction
German SAL 485 Induction IMA (intermediate does AraC + MTZ) vs std 3+7 (DNR + AraC) 55% IMA vs 39% | Median DFS at 25.7 Early mortality ITT. Primary
60plus; 2005-2009 | age 560y, median | MTZ, DNR; AraC | IMA: AraC (1g/m? bid, d 1, 3, 5, 7) + MTZ (10 mg/m?, d 1-3) DA, p=0.001 :“‘ (1)01'12)'“ Y™ 18'1?;"218'4%; SAE °“tc°’:‘ZCR’
Rollig, 2010 (159) | 69 dose: 2g vs 100 Std 3+7 (DA): AraC (100 me/m? CI. d 1-7) + DNR (45 me/m?. d 3-5 Including CR p=U. * grade4 non- expecte
[abstract] mg (DA): ( ¢ ’ ) ( sim ) after trial RFS superimposable hen}wa}tologmal . d‘ff?rence of
Note: Results discontinuation | in first year (median to>(()1c11?g; 9% VZ.ZM’ 1?95\/:2 favour
presented at ASH Pts in CR after DA received intermediate-dose AraC + AMSA; pts in 64% vs 55%, 10 m vs 11 m) then 'FI)';'R 10 3’ me :a;n1 g d
Dec 2015. Rolli CR after IMA received standard-dose AraC + MTZ (2+5) p=0.043 separate; 1-y RFS 46% - mvs econcary
: 8 Vs 45%: 3-y RFS 14% m, p=0.328 endpoints
2015 (160) > Y ° SAEs, time
vs 29%, p=0.042 Liver toxicity ¢ ,l
\ OR=0.52, p=0.001; 0 retapse,
Median 0S 10 m vs 10 e RFS, 05
m; 1-y OS 44% vs 45%; gastrointestinal
3-y 0S 19% vs 19%, symptoms OR=0.62,
p=0.513. p=0.041.
Differences in RFS Duration of grade 3+
may be due to neutropenia and
difference in thrombocytopenia
consolidation used in longer with IMA (25
each arm dvs 23 d, p=0.032
and20d vs 16 d,
p<0.001,
respectively)
Lederle Coop 200 Induction MTZ + AraC vs DNR + AraC (7+3) 63% vs 53%, Median 328 d vs 247 Median time to CR NR MTZ and DNR
Group; 1984-1987 | pge »15y (median | MTZ vs DNR MTZ (12 mg/m?/d, d 1-3), DNR (45 mg/m?/d, d 1-3), AraC (100 p=0.15 d, ns. 35 d vs 43 d; median are of
Arlin, 1990 (201) | 60y), previously mg/m?/d Cl, 7 d) Age <60: 80% vs | Age <60: 444 vs 379 | duration °;40 ) Cofmsarazle
o ) . remission Vs safety an
untreated ANLL, no 2" induction course (5 d AraC and 2 d MTZ or DNR) if residual 69% d; Age >60: 98 d vs 51 198 d, p=0.27 [age efficacy;

prior MDS

disease

2 courses of consolidation with same drugs and doses used in
induction (5 d AraC, 2 d MTZ or DNR)

Age >60: 46% vs
37%

d

<60, 232 d vs 191 d;
age >60 296 d vs 230
d]. No significant
difference in SAEs

differences
favoured MTZ
but not
significant;
need larger
study to verify

Section 4: Systematic Review - February 2, 2016

Page 87




Phase

Trial name(s) or Number of patients randomized: 0S; other survival Statistical
location, and . J Arms or comparison CR outcomes (EFS, DFS, Other outcomes power and Conclusion
s major comparison !
enrolment, source characteristics . .3 RFS) analysis
for induction
MRC AML12; 2934 Induction; A. Before Amendment (n=1658) 78% MAE vs 78% | 8-y OS Induction death ITT. OS for 2-3
'15;?2;;2833622? Age <60y, median | consolidation MAE (MTZ + AraC + etoposide) vs ADE (AraC + DNR + etoposide) ADE, p=0.9 42% MAE vs 39% ADE, | 6% MAE vs 6% ADE, | 1200 pts to 20;"565 MAEA‘I’)SE
. o L _ -5 courses
41y, de novo or MTZ vs DNR A subset of both groups randomized to GCSF or not in first cycle 74f’ GCSF vs P p=0.6 ?aCh . ns. but 0S 2-3
Burnett, 2010 SAML/ C-AML (n=480): GCSF 263 g in course 1, commencing on d 8 after 74% placebo, | 309 GCSF vs 37% 9% GCSF vs 5% induction |~ e ADE
(153,154) (pT(ZI?A?))Sa:Z h7‘§h chemotherapy for 10 d or until the neutrophil count exceeded p=1.0 placebo, p=0.09 placebo, p=0.11 q}JeS;‘;’;‘ to worse than 2-3
ris| 3 16.7% 9 : : give 95%
0.5x10°/L for two consecutive days, whichever was shorter
were age 0-14 y 5 8-y RFS (75%) power courses MAE’
(children) of which MAE 10+3+5 — MAE 8+3+5: MTZ (12 mg/m*, d 1, 3, 5) + AraC (100 43% MAE vs 37% ADE, Adverse Effects to detect p=0.003,. 0S
all but 2 pts were mg/m?, q12h, d 1-10) + etoposide (100 mg/m?, d 1-5) followed by p=0.09 Significantly L difference of | MOTse WEH 73
: ignificantly longer
in the MAE vs ADE same except AraC, d 1-8 39% GCSF vs 33% hjmatologiz g 10% (7.5%) crc:urszssADE
comparison; 2.9% ADE 10+3+5 — ADE 8+3+5: DNR (50 mg/m?, d 1, 3, 5) + AraC (100 : N : survival. 800 | than 4-

) ) 5 placebo, p=0.5 recovery time and . courses ADE,
age 260. Due to mg/m?* q12h, d 1-10) + etoposide (100 mg/m?, d 1-5) followed by more antibiotic use | Pt 1N 0=0.08
1r;]c.tzswn.ofMAE same except AraC, d 1-8 with MAE (compared :on§olld862t;on )
chiidren in A Vs Both Phases A & B with ADE. MAE 0 give 5U%

ADE, results cannot induced significantl power to
be directly Randomized Consolidation if CR (n=992): MACE then randomize to 1 Induced significantly | tect 10%
Compared with (M]dAC) or 2 further courses (ICE then M]dAC) greate.r 3 difference in
gastrointestinal
H-DAT/ S-DAT - oS
toxicity
results
ALFA-9000; 1990- 592 Induction DNR + AraC [control, arm A] vs DNR + AraC — MTZ + AraC (arm B) vs | 57% vs 70% vs 5-y OS, arms A, B, C: RFI: arm B vs A, ITT
1996 Adults age <65y DNR vs DNR — time-sequenced DNR + AraC — MTZ + AraC (arm C) 61% (after 28% vs 29% vs 32% p=