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SUMMARY OF RECOMMENDATIONS

1) All patients being considered for therapy should undergo a bone marrow aspiration and biopsy as well as
peripheral blood films to establish a diagnosis and prognosis.

a. Immunophenotyping by flow cytometry should be performed for diagnosis and to determine a leukemia-
associated immunophenotype (LAIP) if possible.

b. Samples should also be sent for cytogenetics, including fluorescence in-situ hybridization (FISH) where
appropriate.

c.Molecular analysis should be sent.

2) Ancillary Tests:

a. Organ function should be assessed including liver, kidneys, coagulation and cardiac function.

b. Blood group and human leukocyte antigen (HLA) typing of patient and family should be done as soon as
possible in transplant eligible patients.

3) A lumbar puncture, with the installation of intrathecal chemotherapy, should be performed if worrisome
unexplained neurological symptoms are present without a mass lesion by imaging.

a. Consider a screening lumbar puncture in cases of myelomonocytic or monocytic acute myeloid leukemia
(AML) or in those with a presenting white cell count of >40 x 10%/L.

4) AML classification and risk stratification and transplant eligibility should be ascertained for all patients using age,
performance status, World Health Organization (WHO) classification, cytogenetic and molecular risk group, as
well response to therapy including minimal residual disease when possible. In the appropriate situations,
establishing whether a genetic change is germline should be pursued.

5) Supportive care:

a. In patients undergoing intensive chemotherapy a central venous catheter ideally should be placed.

b. Red blood cell transfusions for symptomatic anemia.

c.Platelets should be transfused at a threshold of 10 x 10%L if there is no evidence of bleeding or to keep a
platelet level of around 50 x 10%L if there is active bleeding.

d. Tumor lysis prophylaxis should be initiated in all patients.

e. Antifungal prophylaxis should be considered during all phases of chemotherapy.

f. Therapy of febrile neutropenia should include empiric broad spectrum antibiotics according to IDSA
guideline.

g. The use of growth factor support should be individualized.

h. Steroid eye drops are recommended during the administration of intermediate to high dose cytarabine.
These patients should also be screened for cerebellar toxicities before each dose of cytarabine.

i. Sperm preservation should be discussed with male patients and a serum pregnancy test should be
performed in female patients.

6) In transplant eligible patients treatment consists of induction and consolidation chemotherapy along with a FLT3
inhibitor in FLT3 positive cases

a. Induction chemotherapy should consist of standard-dose cytarabine with an anthracycline
b. Consolidation can consist of further cycles of chemotherapy alone or in association with a hematopoietic
stem cell transplant depending on risk of relapse.
i. Good risk — chemotherapy alone.
ii. Intermediate risk — consider transplantation.
iii. High risk — transplantation.

7) In transplant ineligible patients treatment options consist of palliation, low dose cytarabine, azacitidine or induction
chemotherapy, depending on performance status and risk stratification. Strong consideration should be given to
enrollment into a clinical trial.

8) In the instance of relapse re-induction chemotherapy can be considered depending on performance status,
otherwise palliation should be instituted.
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The recommendations contained in this guideline are a consensus of the Alberta Provincial Hematology Tumour
Team and are a synthesis of currently accepted approaches to management, derived from a review of relevant
scientific literature. Clinicians applying these guidelines should, in consultation with the patient, use independent
medical judgment in the context of individual clinical circumstances to direct care.

All cancer drugs described in the guidelines are funded in accordance with the Outpatient Cancer Drug Benefit
Program, at no charge, to eligible residents of Alberta, unless otherwise explicitly stated. For a complete list of funded
drugs, specific indications, and approved prescribers, please refer to the

Outpatient Cancer Drug Benefit Program Master List.
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BACKGROUND

Acute myeloid leukemia (AML) is a group of infrequent neoplasms responsible for a significant number of
cancer-related deaths. Its incidence has been relatively stable over the last years at about 3.7 per 100
000 persons per year in the western world. It is primarily a disease of later adulthood with an increasing
incidence with age. The median age at diagnosis is 65 years with a slight male preponderance. Outcome
varies greatly according to age at diagnosis due to disease and patient features. Untreated AML is a
uniformly fatal disease with a median survival of 11-20 weeks?.

The etiology of AML in most cases is unclear. Known risk factors include exposure to chemotherapeutic
agents particularly alkylating agents, topoisomerase-II inhibitors and anthracyclines as well as both
therapeutic and nontherapeutic radiation. A higher than average incidence is seen in individuals with
Down’s syndrome, Klinfelter's syndrome, Ataxia telangectasia, Kostmann syndrome, neurofibromatosis or
Fanconi anemia. Exposure to benzenes, pesticides, herbicides and cigarette smoking may also play a role
in its development. There is also a greater incidence of AML in individuals with pre-existing hematologic
disorders such as the myelodysplastic syndromes or myeloproliferative disorders.

GUIDELINE GOALS AND OBJECTIVES

e To delineate the diagnostic criteria for acute myeloid leukemias
To delineate the prognostic markers in acute myeloid leukemias

¢ To identify the management options for acute myeloid leukemias in adults including chemotherapy,
hematopoietic stem cell transplantation, and palliation

GUIDELINE QUESTIONS
e What is the optimal management of the acute myeloid leukemias in Alberta at the present time?
DEVELOPMENT AND REVISION HISTORY

This guideline was reviewed and endorsed by the Alberta Provincial Hematology Tumour Team. Members
of the Alberta Provincial Hematology Tumour Team include hematologists, medical oncologists, radiation
oncologists, nurses, hematopathologists, and pharmacists. Evidence was selected and reviewed by a
working group comprised of members from the Alberta Provincial Hematology Tumour Team and a
Knowledge Management Specialist from the Guideline Resource Unit. A detailed description of the
methodology followed during the guideline development process can be found in the Guideline Resource
Unit Handbook.

This guideline was originally developed in 2008. This guideline was revised in 2015, 2017, 2018 and 2019.
SEARCH STRATEGY

The original guideline (2008) was generated using systematic literature searches of the Pubmed and
Medlinedatabases, ASCO abstracts and proceedings, and ASH abstracts and proceedings databases.

The search included practice guidelines, systematic reviews, meta-analyses, randomized controlled trials
and clinical trials. The 2015, 2017, 2018 and 2019 updates involved review of the Pubmed and Medline
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databases for relevant information on a topic-by-topic basis. The ASH, ASCO and EHA abstracts and
proceedings databases were also screened.

TARGET POPULATION

The following guidelines apply to adults over the age of 18 years. Different principles may apply to
pediatric patients.

DISCUSSION
Diagnosis

AML describes a heterogeneous group of clonal hematopoietic progenitor cell disorders with a spectrum
of morphologic, immunophenotypic, cytogenetic and molecular characteristics. For a diagnosis of AML, a
marrow blast count of 2 20% is required, except for AML with the recurrent genetic abnormalities t(15;17),
t(8;21), inv(16) or t(16;16) and some cases of erythroleukemia.

Diagnostic Tests:

The diagnosis is often suspected and can at times be confirmed from the peripheral blood. However, all
patients being considered for therapy should undergo a bone marrow aspiration and biopsy. Samples
should be sent for morphology, flow cytometry, cytogenetics and molecular analysis.
Immunophenotyping by flow cytometry confirms myeloid lineage and stage of differentiation of the
malignant cell. It may have a prognostic role by establishing a unique phenotype for minimal residual
disease monitoring, the leukemia associated immunophenotyped (LAIP). A full karyotype will be
determined at diagnosis in all cases. Fluorescence in-situ hybridization (FISH) will also be carried out in
cases morphologically suspicious for specific subsets. Molecular analysis will be carried out in cases
suspicious for promyelocytic leukemia looking for the PML/RARGq, in the core binding factor leukemias
looking for c-KIT mutations, as well as in cases with normal karyotypes looking for FLT3, NPM1 and
CEBPA mutations. Information regarding FLT3-ITD allelic burden should also be provided. Next
generation sequencing (NGS) should be performed at diagnosis, particularly in patients being treated
with curative intent, with a panel that includes these genes as well as RUNX1, TP53, KIT and ASXL1
(see below). If there is no aspirate sample obtained the ancillary studies should be attempted on a
peripheral blood sample. NGS is also available on a case by case basis in relapsed or elderly patients.
Results of FLT3 testing must be available by day 8 of initiation of induction chemotherapy (allelic
burden can be provided later).

Diagnostic Criteria:

The threshold number of immature clonal cells, typically blasts, required to make the diagnosis of AML is
20% of total nucleated cells in the bone marrow by morphology. Exceptions include AML with t(8;21),
inv(16), t1(16;16) or t(15;17), in which the diagnosis of AML is made regardless of the percentage of bone
marrow blasts2. De novo AML and acute erythroid leukemia should refer to patients with no clinical history
of prior myelodysplastic syndrome, myeloproliferative disorder or exposure to potentially leukemogenic
therapies or agents. Secondary AML should refer to patients with prior hematologic disease. Therapy
related (t-AML) is a well-recognized clinical syndrome occurring as a late complication following cytotoxic
therapy or radiotherapy for a primary neoplasm or a non-neoplastic disorder.
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Epidemiological Distribution at Presentation:

There are four main groups of AML recognized by the WHO classification system: AML with recurrent
genetic abnormalities (11% of cases), AML with myelodysplasia-related features (6% of cases), Therapy-
related AML (2% of cases) and AML, not otherwise specified (81% of cases)*“. AML can occur in people
of all ages; however, it is most common in elderly patients. In rare circumstances AML can be caused by
exposure to ionizing radiation and/or drugs that damage DNA. Anthracyclines and epipodophylloxtoxins
which target topoisomerase Il can lead to rapidly proliferative disease with monocytic histology and
cytogenetic abnormalities at the MLL gene (11g23) months to 2 years after treatment®. Exposure to
alkylating agents may lead to alkylator agent-induced disease, usually 5 to 6 years after exposure and
characterized deletions in chromosomes 5 and 7 and by a myelodysplastic prodrome with complex
karyotypes®.

Classification
The blast count, lineage commitment, and level of differentiation of the neoplastic cells have long been
the basis of AML classification. The WHO classification includes features such as genetic abnormalities at

the chromosomal and/or molecular level and history of previous therapy or antecedent hematologic
disease. The AML portion of the WHO classification of myeloid neoplasms was updated in 2016%”.

- . www.albertahealthservices.ca

Page 6 of 45



.'. Albel‘ta Health CLINICAL PRACTICE GUIDELINE LYHE-006
= Version 6
B Services

Table 1. Acute myeloid leukemia and related precursor neoplasms according to the WHO 2016
classification®”.

Categories

Acute Myeloid Leukemia with Recurrent Genetic Abnormalities
AML with t(8;21)(q22;922.1);RUNX1-RUNX1T1
AML with inv(16)(p13.1922) or t(16;16)(p13.1;922);CBFB-MYH11
APL with PML-RARA
AML with t(9;11)(p21.3;923.3);MLLT3-KMT2A
AML with t(6;9)(p23;934.1);DEK-NUP214
AML with inv(3)(g21.3926.2) or t(3;3)(g21.3;926.2); GATA2, MECOM
AML (megakaryoblastic) with t(1;22)(p13.3;q13.3);RBM15-MKL1
Provisional entity: AML with BCR-ABL1
AML with mutated NPM1
AML with biallelic mutations of CEBPA
Provisional entity: AML with mutated RUNX1

Acute Myeloid Leukemia with Myelodysplasia-Related Changes

Therapy-Related Myeloid Neoplasms

Acute Myeloid Leukemia, Not Otherwise Specified (NOS)
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukemia
Pure erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis

Myeloid Sarcoma (syn.: Extramedullary Myeloid Tumor; Granulocytic Sarcoma; Chlorama)

Myeloid Proliferation Related to Down Syndrome
Transient abnormal myelopoiesis (syn.: transient myeloproliferative disorder)
Myeloid leukemia associated with Down syndrome

Blastic Plasmacytoid Dendtritic Cell Neoplasm

Acute Leukemias of Ambiguous Lineage
Acute undifferentiated leukemia
Mixed phenotype acute leukemia (MPAL) with t(9;22)(q34.1;911.2); BCR-ABL1
MPAL with t(v;11923.3); KMT2A rearranged
MPAL, B/myeloid, NOS
MPAL, T/myeloid, NOS

Ancillary Tests

Routine chemistry should be performed to assess liver and kidney parameters (electrolytes, calcium,
magnesium, phosphatase, creatinine, ALT (alanine aminotransferase), alkaline phosphatase, total and
direct bilirubin and uric acid) as well as a coagulation tests (INR (international normalized ratio), PTT
(partial thromboplastin time), Fibrinogen). Bloodwork for tumour lysis (LDH and uric acid) should also be
determined. Blood group and human leukocyte (HLA) typing of the patient and the patient’s family
members should be performed if stem cell transplant is being considered.

Cardiac function should be assessed by echocardiogram, nuclear medicine cardiac scan, or cardiac MRI.
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A lumbar puncture, with the installation of intrathecal chemotherapy, should be performed if worrisome
unexplained neurological symptoms are present without a mass lesion by imaging. Consider a screening
lumbar puncture in cases of myelomonocytic or monocytic AML or in those with a presenting white cell
count of greater than 40 x 10%L. The lumbar puncture should be done after clearing of peripheral blood
blasts with platelet transfusion support as necessary. If done prior to blast clearance and there are blasts
in the cerebrospinal fluid (CSF) the Steiherz/Bleyer algorithm should be applied to determine the CNS
(central nervous system) status as per in acute lymphoblastic leukemia (ALL)Z.

Definition of CNS Status

Table 2. Percent blasts
Percent blasts (at least 200 cells counted)

M1 <5%
M2 5-25%
M3 >25%

Table 3. Cytology and CSF cell count
CSF cell count and cytology

CNS1 No blasts on cytology

<5/uL WBCs and cytology positive for blasts

or

Traumatic spinal tap with = 10/uL RBCs, WBC 2 5/uL, cytospin positive for blasts but negative by Steinherz/Bleyer
algorithm*

CNS2

> 5/ul WBCs, cytospin positive for blasts
CNS3 or
Traumatic spinal tap with = 10/uL RBCs, cytospin positive for blasts, and positive Steinherz/Bleyer algorithm*

*Steinherz/Bleyer algorithm method of evaluating traumatic lumbar punctures:
If the patient has leukemic cells in the peripheral blood and the lumbar puncture is traumatic and contains = 5 WBC/uL and blasts, the following
algorithm should be used to distinguish between CNS2 and CNS3 disease:

«CSF WBC/RBC > 2X Blood WBC/RBC
If clinically suspicious, consider performing viral serologies (HIV, HSV, VZV, CMV, Hepatitis B and C) or TB testing.

Abbreviations: RBC = red blood cell; WBC = white blood cell; HIV = human immunodeficiency virus; HSV = herpes simplex virus; VZV = varicella
zoster virus; CMV = cytomegalovirus; TB = tuberculosis

Response Criteria®

o Minimal residual disease (MRD) is defined as the persistence of leukemic cells after chemotherapy
at numbers below the sensitivity detection level of routine morphology*®. Typically detected by
polymerase chain reaction or flow cytometry.

¢ Morphological leukemia-free state — less than 5% blasts in an aspirate sample with marrow spicules
and with a count of at least 500 nucleated cells

e Morphological complete remission (CR) has been defined using the following criteria developed by
an International Working Group®%12,
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o Normal values for absolute neutrophil count (>1000/ul) and platelet count (>100,000/ul), and
independence from red cell transfusion
o A bone marrow biopsy which is free from clusters or collections of blast cells. Extramedullary
leukemia (i.e., central nervous system or soft tissue involvement) must be absent
o A bone marrow aspiration reveals normal maturation of all cellular components (i.e.,
erythrocytic, granulocytic, and megakaryocytic series). There is no requirement for bone
marrow cellularity
o Lessthan 5% blast cells are present in the bone marrow, and none can have a leukemic
phenotype (i.e., Auer rods). The persistence of dysplasia is worrisome as an indicator of
residual AML but has not been validated as a criterion for remission status
o The absence of a previously detected clonal cytogenetic abnormality (i.e., complete
cytogenetic remission, CRc) confirms the morphologic diagnosis of CR but is not currently a
required criterion. However, conversion from an abnormal to a normal karyotype at the time of
first CR is an important prognostic indicator, supporting the use of CRc as a criterion for CR in
AML10,13,14
e Complete remission with incomplete recovery (CR;) — All CR criteria are met, however, residual
neutropenia (<1.0 x 10%/L or <1000/ul) or thrombocytopenia (<100 x 10%L or <100,000/pul)
e Cytogenetic complete remission (CR¢) — this category is recommended primarily for use in clinical
research studies but likely to be informative
e Molecular complete remission — recognized as a therapeutic objective in acute promyelocytic
leukemia but still controversial in other subsets

Treatment Failure

¢ Resistant disease (RD) — Failure to achieve CR or CRi (general practice; phase I/l trials), or failure
to achieve CR, CRi or PR (phase | trials); only includes patients surviving 27 days following completion
of initial treatment, with evidence of persistent leukemia by blood and/or bone marrow examination

e Death in aplasia — Deaths occurring 27 days following completion of initial treatment while cytopenic;
with an aplastic or hydroplastic bone marrow obtained within 7 days of death, without evidence of
persistent leukemia

e Death from indeterminate cause — Deaths occurring before completion of therapy, or <7 days
following its completion; or deaths occurring 27 days following completion of initial therapy with no
blasts in the blood, but no bone marrow examination available

o Relapse — a reappearance of leukemic blasts in the peripheral blood or greater than 5% blasts in the
bone marrow not attributable to any other cause

Prognosis/Risk Stratification

Several factors influence the ability to achieve and maintain a complete remission in acute myeloid
leukemia. The most important of these are age and cytogenetic abnormalities (see Table 4 and 5).
Molecular findings (Table 6) are also emerging as having important significance. There is some
evidence from a small prospective study which indicates that the presence of minimal residual disease is
associated with a significantly elevated risk of recurrence in patients with core binding factor AML*. MRD
may also have a role in determining whether or not stem cell transplant is appropriate after achieving first
remission'®, however, further evidence is required. AML evolving from a myelodysplastic disorder or
myeloproliferative disorder is often more resistant to cytotoxic chemotherapy than de novo AML. However,
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it may also have a more indolent course. The need for greater than one cycle of induction chemotherapy
to achieve a complete remission is also considered a poor prognostic factor.

Age:

Older patients have a higher prevalence of unfavorable cytogenetics and antecedent
myelodysplastic/myeloproliferative disorders, higher incidence of multidrug resistance and an increased
frequency of comorbid medical conditions that affect the ability to tolerate intensive treatment’. Even
when standard chemotherapy is given outcomes are generally inferior to those achieved in younger
patients!8. Treatment related mortality often exceeds any expected transient response in this group.

Cytogenetics:

Karyotype represents the single most important prognostic factor for predicting remission rate, relapse,
and overall survival. Three groups of cytogenetic abnormalities have been defined with respects to these
outcomes classified as favorable, intermediate and unfavorable risk. For example, in a retrospective
review of 1213 (median age 52 years; 36% over age 60 years) AML patients treated on CALGB (Cancer
and Leukemia Group B) protocols up to the year 2000, the 5-year survival rate was 55% for patients with
favorable cytogenetics, 24% for patients with intermediate cytogenetics and 5% for those with poor risk
cytogenetics?®. This categorization holds whether the therapy includes stem cell transplantation or
consolidation with chemotherapy alone!®?4, See table 4 for the cytogenetic classification. Cytogenetics at
diagnosis retain their independent predictive value in the older AML patient population?>2,
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Table 4. Cytogenetic Abnormalities in Acute Myeloid Leukaemia?’ adapted from 28, Breakdown of
important AML relevant genes with associated independent prognosis. See Table 5 below for important,
clinical relevant combinations.

French, Affected Typical | Approximate Outlook Comments
American, and Genes Average | Incidencein
British Age (yrs) de-novo
Morphology AML
1(8;21) M2 RUNX1/ 30 5-7% Favourable Auer rods usually
RUNX1T1 present
t(15;17) M3 PML/ RARA 40 5-8% Favourable high Disseminated
cure rate with all- intravascular
transretinoic acid- coagulation
based therapy
t(11;17) Similar to M3 ZBTB16/ Unknown <1% Poor response to n/a
RARA all-trans retinoic
acid-based
treatment
abn(16922) M4 with CBFB/ 35-40 5% Favourable High reinduction rate
eosinophilia MYH11 post relapse
abn(11g23) M5 MLL and >50 3% Poor, except Hyperleucoytosis and
many 1(9;11) extramedullary disease
partners
+8 Varied n/a >60 ~3% if +8 Poor Often associated with
alone other chromosomal
additions and deletions
del 5, del 7, 59- Varied; n/a >60 15-20% Poor Common in patients
, 79-, or common in M6 with secondary acute
combinations myeloid leukemia and
prior myelodysplastic
syndrome
Inv 3 Abnormal RPN1/ Unknown <1% Poor Increased platelet
Megakaryocytes MECOM count; other
abnormalities common
(del 5, 7)
abn(p17) Varied TP53 Probably 5% Poor Other abnormalities
<60 common; (del 5, 7;
complex karyotype)
+13 Varied, n/a Probably | About 1-2% Poor High frequency of
sometimes >60 hybrid features
undifferentiated
t(6;9)(p2;934) M2/M4 with DEK/ Unknown <1% Poor Prominent basophilia
basophilia NUP214
1(9;22) Usually M1 BCR/ ABL1 Probably About 1% Poor (possible Splenomegaly
>50 transformation of
unrecognized CML)
1(1;22) Often M7 RBM15/ Infants <1% Poor Organomegaly
MKL1 (0-2
years)
(8;16) M4 and M5 KAT6A/ Unknown <1% Poor Erythrophagocytosis
CREBBP
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Table 5.Clinically relevant cytogenetic classifications

Classification SWOG Criteria MRC criteria: As for SWOG, except:
Favorable t(15;17) — with any other abnormality t(8;21) — with any other abnormality
inv(16)/t(16;16)/del(16q) — with any other abnormality
t(8;21) — without del(99g) or complex karyotype
Intermediate +8, -Y, +6, del(12p) abn 11923

normal karyotype del(9q), del(7q) — without other abnormalities
Complex karyotypes (> 3 abnormalities, but <5)

All abnormalities of unknown prognostic significance
Unfavorable -5/del(5q), -7/del(7q) Complex karyotypes (> 5 abnormalities)

t(8;21) with del(9q) or complex karyotype

inv(3q), abn 11 923, 20q,

21q, del(9q), t(6;9)

t(9;22), abn 17p

Complex karyotypes (> 3 abnormalities)

Unknown All other clonal chromosomal aberrations with fewer
than 3 abnormalities

Abbreviations: SWOG - Southwestern Oncology Group; MRC — Medical Research Council; abn - abnormalities

Molecular Abnormalities:

In addition to basic cytogenetic analysis, molecular markers are helping refine prognostic groups. These
include FMS-like tyrosine kinase 3 (FLT3), c-KIT, nucleophosmin 1 (NPM1) and CEPBA. The most recent
National Comprehensive Cancer Network (NCCN) guidelines recommend testing for these in all
patients?®. Recent European Leukemia Net (ELN) guidelines suggest testing as well for TP53, ASXL1 and
RUNX1%°,

FLT3 mutations

The FLT3 gene encodes an enzyme (fms-related tyrosine kinase 3) which belongs to the type Il receptor
tyrosine kinase family, and is mutated in about 30% of AML patients®32, FLT3 is expressed on the cellular
surface and plays a role in proliferation, survival, and differentiation of hematopoietic progenitor cells®3.
FLT3 internal tandem duplication (FLT3-ITD) mutations, which are seen in approx. 25% of AML cases,
are a strong poor prognostic factor, with higher relapse rates and inferior long-term survival in AML
patients, even with high-dose chemotherapy and allogeneic hematopoietic stem cell transplant31:32:34-39,

The FLT3-ITD allelic burden also has an impact on prognosis; patients with a high allelic burden, as
defined by a mutant:wild type ratio of > 0.5, have a very high relapse rate and therefore constitute an
adverse prognosis group. In contrast, those with a low allelic burden (mutant:wild type ratio < 0.5) have a
relatively more favourable prognosis, particularly in the presence of a co-existing NPM1 mutation, and fall
into an intermediate risk category*®44. FLT3- tyrosine kinase domain (TKD) point mutations are seen in
approx. 5% of cases; the prognostic value of this mutation is less clear, but it does not clearly appear to
have a poor prognostic value®.

The development of FLT3 inhibitors has been an area of much interest and promise*548, The multikinase
inhibitor midostaurin has been shown to increase complete remission rates and overall survival in FLT3
mutated patients when used in combination with 7 + 3 chemotherapy and HiIiDAC (high dose cytarabine)
consolidation starting on day 8 of induction chemotherapy®. It has now been approved and is considered
standard of care for AML patients with FLT3 mutations undergoing induction chemotherapy. FLT3
mutation analysis must therefore be available to act upon by day 8 after the initiation of induction
chemotherapy.
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NPM1 mutations

Nucleophosmin 1 also nucleolar phosphoprotein B23 or numatrin is encoded by the NPM1 gene which is
mutated in approximately 45-64% of cytogenetically normal AML patients. NPM1 mutations lead to
abnormal cytoplasmic localization of the protein, which typically functions as a chaperone in the nucleoli
and acts in the control and regulation of the ARF-p53 tumor suppressor pathway. The NPM1 mutation in
AML patients is a favourable prognostic factor, associated with overall survival and relapse-free survival of
approximately 60%°°°. However, this effect is mitigated by the presence of co-existing FLT3-ITD, and
possibly by DNMT3A mutations, although there are conflicting data regarding the latter®®®!, The presence
of a co-existing low allelic burden FLT3-ITD lowers the survival to approx. 40%, while a high allelic burden
FLT3-ITD lowers survival to 20-30%40-44:53-55,

c-KIT mutations

c-KIT is a receptor tyrosine kinase which is expressed in 60-80% of myeloblasts®. It activates an
important signaling pathway mediating cell proliferation and survival. c-KIT mutations are rare in most
AML subtypes but are present in approx. 30% of core binding factor (CBF) AML, which includes t(8;21)
and inv(16); these cases are associated with a higher relapse rate compared with non-c-KIT mutated
CBF®%5, Because of this, these patients are frequently referred for allogeneic HSCT in first CR. However,
a recent French GRAALL study found that, incorporating MRD testing post-cycle 2 of chemotherapy by
gRT-PCR (see below) into a multivariate analysis, c-KIT mutation status was not an independent
prognostic factor for relapse®®. Therefore, if MRD monitoring is available, patients who achieve a >3 log
reduction in RUNX1-RUNX1T1 or CBFB-MYH11 transcripts by gRT-PCR at the end of the second
chemotherapy cycle could be serially monitored by gRT-PCR, without transplant.

CEBPA mutations

The CCAAT/Enhancer Binding Protein a (CEBPA) gene encodes a transcription factor which is mutated in
10-15% of AML patients, mostly with normal cytogenetics or 9q deletion®”%8, Three different mutation
patterns are typically reported in AML patients: (i) A single mutated allele (single mutation CEBPA,
therefore heterozygous with wild type) (CEBPAsm) representing approximately 50% of CEPBA mutated
AML cases. (i) AML with two CEPBA mutations (double-mutated, typically biallelic, no wild type CEBPA
expression (CEBPAdm). (iii) AML carrying a homozygous CEBPA mutation due to loss of heterozygosity
(no wild type CEPBA expression)®7°, Favourable prognosis in CEBPA-mutated AML patients is typically
restricted to those cases with biallelic CEBPA in the absence of other cytogenetic aberrations or FLT3-
ITD®"". The favourable prognosis associated with biallelic CEBPA mutations is mitigated by FLT3-ITD
mutations™ 72, although it is unclear whether this applies to all such mutations or only those with higher
FLT3 allelic burden.

Other mutations

RUNX1 and AXSL1 mutations, each occurring in 10-15% of AML patients, have each been associated
with adverse prognosis, particularly when occurring in intermediate risk disease, and these patients
appear to benefit from transplant in CR1737¢, Similarly, TP53 and splicing factor mutations (e.g. SRSF2)
have also been associated with independently adverse prognosis’’. RUNX1, ASXL1 and TP53 mutated
disease have been assigned to the adverse risk group in the 2017 ELN classification, except when they
occur in otherwise ELN favourable risk disease*. Therefore, this mutational information can be helpful in
risk stratification. With respect to other mutations (e.g. DNMT3A, IDH, TET2) the data regarding
prognosis are less clear.
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Germline mutations

It is now recognized that patients with certain inherited mutations carry a higher risk of developing AML
and other myeloid neoplasms; some of these can be detected in standard myeloid panels. These include
RUNX1, GATA2 and CEBPA’. Detection of one of these mutations in a younger patient should prompt
germline mutation testing, using non-hematopoietic tissues such as buccal swabs or cultured fibroblasts.
If a germline mutation is detected, any potential sibling donor should be tested, as this would present a
theoretical risk of the donor marrow developing leukemia. TP53 mutations (as seen in Li-Fraumeni
syndrome) predispose patients to the early development of a number of solid tumour malignancies; these
patients are also at higher risk of developing AML or MDS with exposure to chemotherapy or radiation’®.
Therefore, detection of a TP53 mutation in patients with such a history should also prompt consideration
of germline mutation testing.
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Table 6. Molecular markers in acute myeloid leukemia, adapted from?®

Gene Function Prevalence % Prognosis
ASXL1 Chromatin modification 5-7 Poorer in NK
BCOR Transcription factor 1-2 ND

Favorable especially in
biCEBPA Transcription factors 5-10 NK
CBL Activated signaling 1-3 controversial
DNMT3A DNA methylation 20-25 Adverse
EZH2 Chromatin regulation 1 Poor
FLT3-ITD Activated signaling 25-30 Poor in NK

Variable according to
FLT3-TKD Activated signaling 5-10 study

Poorer in FLT3-ITD -
IDH1 DNA methylation 5-7 neg AML
IDH2-R140 DNA methylation 7 Controversial
IDH2-R172 DNA methylation 2 Controversial

Poorer outcome in
KIT Activated signaling 4 CBF AML
KRAS Activated signaling 5 Controversial
MLL-PTD Chromatin modification 5 Adverse
NF1 Activated signaling 4 ND

Favorable in absence
of FLT3-ITD and

NPM1 Transcription factor 30-35 mutant DNMT3A
NRAS Activated signaling 5-10 Neutral
PHF6 Transcription factor 3 ND
PTPN11 Activated signaling 5 ND
RUNX1 Transcription factor 5 Controversial
Favorable in
SF3B1 Spliceosome machinery 3 secondary AML
SRSF2 Spliceosome machinery 2 Poor
Poorer in normal
TET2 DNA methylation 8-10 karyotype
TP53 Tumor suppressor 5-10 Adverse
U2AF1 Spliceosome machinery 2 Poor
WT1 Tumor suppressor 5-9 Poor in NK
ZRSR2 Spliceosome machinery <1 ND
Gene fusions
AML with 1(8;21)(922;922.1); RUNX1-RUNX1T1 7 Favorable
AML with inv(16)(p13.1922) or t(16;16)(p13.1;q22);
CBFB-MYH11 5 Favorable
AML with t(9;11)(p21.3;923.3); MLLT3-KMT2A 1 Intermediate
AML with t(6;9)(p23;934.1); DEK-NUP214 1 Poor
AML with inv(3)(921.3926.2) or (3;3)(921.3;026.2);
GATA2, MECOM 1 Poor
AML (megakaryoblastic) with t(1;22)(p13.3;913.3);
RBM15-MKL1 <0.5 Poor
Provisional entity: AML with BCR-ABL1 1 Poor

Abbreviations: AML= acute myeloid leukaemia; CN AML=cytogenetically normal acute myeloid leukaemia, ITD= internal tandem duplication.
TKD= tyrosine kinase domain; APL= acute promyelocytic leukaemia; CBF AML = core binding factors acute myeloid leukaemia; NK = natural
killer; ND = not determined
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Myeloid neoplasms with germline predisposition

Although the majority of cases of MDS and AML are believed to arise de novo, there is currently
increasing awareness of germline abnormalities predisposing to the development of myeloid malignancies
(REF). The WHO classification has addressed these predisposing conditions in its recent revision, with a
proposed approach to classification®. The myeloid neoplasms with germline predisposition are organized
into (1) entities without an associated known disorder or organ dysfunction (with emphasis on germline
CEPBA and DDX41 mutations); (1) entities with a preceding platelet disorder (with emphasis on germline
RUNX1, ANKRD26 and ETV6); and (lIl) entities with other associated/preceding organ dysfunction
(including germline mutations of GATA2)®°. Of note, this rubric places the historical entities known to be
associated with predisposition to myeloid malignancies, such as the bone marrow failure syndromes (e.g.
Fanconi anemia, Dyskeratosis Congenita, etc.), and other inherited disorders (e.g. Down Syndrome,
Noonan Syndrome, etc.), in subgroup (lII).

() Myeloid neoplasms with germline predisposition without a pre-existing disorder
or organ dysfunction
Acute myeloid leukemia with germline CEBPA mutation
Myeloid neoplasms with germline DDX41 mutation
(I Myeloid neoplasms with germline predisposition and pre-existing platelet
disorders
Myeloid neoplasms with germline RUNX1 mutation
Myeloid neoplasms with germline ANKRD26 mutation
Myeloid neoplasms with germline ETV6 mutation
(Il Myeloid neoplasms with germline predisposition and other organ dysfunction
Myeloid neoplasms with germline GATA2 mutation
Myeloid neoplasms associated with bone marrow failure syndromes, including:
e Fanconi anemia
e Severe congenital neutropenia
e Shwachman-Diamond syndrome
e Diamond-Blackfan anemia
o Telomere biology disorders (including dyskeratosis congenita and related syndromes)
Juvenile myelomonocytic leukemia associated with neurofibromatosis, Noonan syndrome or
Noonan syndrome-like disorders
Myeloid neoplasms associated with Down syndrome
Modified from &

The true prevalence of myeloid neoplasms with germline predisposition is uncertain, based largely on a
lack of available population data; the WHO nevertheless describes these as relatively rare®. Despite the
likely low prevalence of predisposing mutations in the general population, recent next-generation
sequencing data suggest that germline mutations may be found in as many as 8.4-11.6% of AMLs and
12.9% of MPNs®!, which would equate to one in every 5-10 patients with a new diagnosis. There is vast
variation in germline mutation prevalence by subgroup, however; Down syndrome associated AML, for
example, accounts for up to 14% of pediatric cases of AML®?, whereas DDX41 germline mutations are
observed in an estimated 1.4%?83. There are also notable differences in malignancy penetrance by
germline event: the relative risk of development of a myeloid malignancy in patients with germline CEBPA
mutations is estimated to be near complete, for example, whereas the risk of AML in patients with
Dyskeratosis Congenita is far lower®®#4, Finally, variable age of onset of disease may be seen across the
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entities: patients with bone marrow failure syndromes may develop malignancies in early adulthood,
whereas the mean age of onset of disease in patients with germline DDX41 mutations is the seventh
decade®.

Population-based screening for germline mutations associated with increased risk of myeloid
malignancies is not currently feasible, however advanced molecular testing might be considered in certain
settings. Clinical suspicion for a myeloid neoplasm with germline predisposition may arise by way of
specific clinical features:

Personal history of multiple cancers

Thrombocytopenia, bleeding propensity or macrocytosis preceding the diagnosis of a myeloid
neoplasm by several years

A first or second degree relative with a hematological neoplasm

A first or second degree relative with a solid tumor suggestive of germline predisposition (e.g.
early-onset breast cancer)

Physical exam features compatible with an inherited condition

Failure of a potential stem cell donor to mobilize using standard protocols

Modified from®&°:85

The possibility of germline predisposition might also arise in cases of myeloid neoplasia with specific
mutational profiles, and some genetic changes cannot be discerned reliably as somatic or germline
without confirmatory germline testing®. Variants in some genes established as germline predisposing
factors may be acquired in the somatic context®. In the absence of tumor-normal paired testing (which is
typical in hematologic neoplasms), germline variants tend to demonstrate heterozygous range variant
burdens that remain fixed over time (and despite changes in tumor burden), tend not to be of high
frequency in somatic mutation databases (with the potential for emphasis in germline variant databases),
and tend to have specific functional implications®. Guidelines published by the American College of
Medical Geneticists may be employed to assist in the assessment of a putative germline variant®’.

Patients considered high risk, either by clinical assessment or tumor-only variant profiling, should have
confirmatory testing. In Alberta, comprehensive testing for myeloid neoplasms with germline
predisposition is largely unavailable, and therefore the approach to confirmatory testing is mainly dictated
by the putative gene or condition under consideration. If a patient is presenting with a possible bone
marrow failure syndrome or aplastic anemia, recommended testing approaches are elaborated in a
separate CKCM document (https://extranet.ahsnet.ca/teams/policydocuments/1/klink/et-klink-ckv-aplastic-
anemia-adult-cancer-inpatient.pdf ). These conditions require chromosomal breakage or telomere length
studies (the latter performed in British Columbia). Confirmatory testing by next-generation sequencing for
possible Fanconi Anemia is available through AHS Genetics & Genomics, however the common genetic
variants associated with Dyskeratosis Congenita are not available as part of the AHS Genetics &
Genomics comprehensive germline testing panel. Similarly, this panel can provide testing for CEBPA,
GATA2 and RUNX1, however the panel does not include test features for DDX41, ANKRD26, or ETV6.
Testing using the AHS Genetics & Genomics comprehensive germline testing panel requires a specific
requisition (https://www.albertahealthservices.ca/frm-20897.pdf ). Send out testing to address the above
genes not interrogable in Alberta must be organized through AHS Genetics & Genomics
(https://www.albertahealthservices.ca/frm-18176.pdf ); the University of Chicago offers a comprehensive
familial myelodysplastic syndrome/acute leukemia panel
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(https://dnatesting.uchicago.edu/tests/comprehensive-familial-myelodysplastic-syndromeacute-leukemia-
panel )

Patients with an established familial germline predisposition syndrome should not be worked-up using
comprehensive panels. Instead, testing tailored to the specific variant of interest should be organized
through AHS Genetics & Genomics.

Determining if a genetic abnormality is germline or if a predisposing condition exits is important for genetic
counselling with respects to other family members. It becomes particularly important if a hematopoietic
stem cell transplant is being considered and donors are being sought within the family. In some rare
instances such as Faconi anemia and Li Fraumeni syndrome (germline TP53 mutation) conditioning for
the transplant would need to be altered to avoid excessive toxicity.

Minimal (measurable) residual disease

Early response to therapy is one of the most important prognostic factors in acute leukemia. Evaluation of
minimal or measurable residual disease (MRD) is critical to identify patients at elevated risk of relapse
which influences clinical decision-making. The leukemia associated immunophenotype (LAIP) of each
patient should be established at diagnosis by multiparameter flow cytometry (MPFC), particularly if there
is not a molecular abnormality to follow. Analysis of MRD by a properly validated technique performed
locally is then recommended to be followed regularly by bone marrow aspirate until negative or the patient
proceeds to transplantation.

A study in de novo (n=126) AML evaluated the utility of MRD in predicting relapse. Patients were
segregated by their detectable levels of cells with LAIP at the remission determination bone marrow. The
patients were split into very low risk (n=8), defined as having fewer than 10 LAP cells per sample, low
risk (n=37), defined as having 10 to 10 LAP cells per sample, intermediate risk (n=64), defined as
having fewer than 102 to 10 LAP cells per sample, and high risk (n=17), defined as having greater than
102 LAP cells per sample. No patients from the very low risk category relapsed during the time observed,
whereas 14%, 50% and 84% of patients in the low, intermediate and high-risk group relapsed after 3
years, respectively (p=0.0001). Additionally, there were significant differences in overall survival (OS)
between groups, with 100%, 90%, 62% and 29% rates after 3 years of follow-up (p= 0.003)%.

Another study, by Perea and colleagues, evaluated the prognostic value of MRD amongst AML patients
with favorable cytogenetics (1(8;21) and inv(16)) (n=55). MRD was evaluated by tandem RT-PCR (reverse
transcription polymerase chain reaction) and flow cytometry. The group found that the mean amount of
MRD detected by flow cytometry at the end of treatment in relapsed vs non-relapsed patients was
significantly different (0.3% vs 0.08%, respectively; p=0.002)%°.

In a prospective, blinded study of pediatric patients (n=252) with de novo AML employing a multivariate
analysis controlling for allogeneic marrow transplantation, age, sex, white blood count at diagnosis,
presence of splenomegaly or hepatomegaly, and presence of more than 15% blasts in the marrow after
the first course of induction (by flow cytometry), showed that patients with MRD, defined as 20.5% blasts,
after one induction and one consolidation were 4.8-fold more likely to relapse (p<0.001) and 3.1-fold more
likely to die (p< 0.001) when compared to MRD-negative patients®.

A large multi-center prospective study (n=471) was designed to determine cut-off points for MRD in
determining relapse rates. MRD was tested after induction cycle 1, cycle 2, and consolidation treatment in
age <60 years patients with AML (Dutch-Belgian HOVON-SAKK study)®:. The study demonstrated that in
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patients with MRD (reported as % LAIP-positive cells) of >0.1% after induction cycle 1 and after two
cycles of chemotherapy, there was a significant increases in relapse rates compared to those with lower
or undetectable MRD levels. On multivariate analysis, MRD positivity after cycle 2 remained an
independent prognostic factor for relapse®?.

Another prospective study (n=892) reporting findings from the United Kingdom National Cancer Research
Institute AML 16 Trial evaluated the prognostic utility of MRD in elderly patients. MRD negativity amongst
patients who achieved CR, was reported in 51% (n=286) of patients after first treatment, and 64% (n=
279) of patients after the second treatment, which was associated with a significantly better 3-year
survival (p < 0.001 for both) and a significantly lower relapse rate (p< 0.001 for both) when compared to
MRD-positive patients. Higher risk of early relapse was also reported amongst MRD-positive patients
(median time to relapse 17.1 vs 8.5 months in MRD-negative patients)®.

A retrospective study sought to investigate the prognostic utility of MRD in pre-hematopoietic cell
transplant (HCT) patients. The study consecutively enrolled patients (n=99) receiving myeloablative HCT
for AML in first morphologic remission. MRD was defined as any detectable level of residual disease.
Two-year overall survival was 30.2% amongst MRD-positive patients versus 76.6% in MRD-negative
patients and two-year relapse rates were 64.9% amongst MRD-positive patients versus 17.6% in MRD-
negative patients. After adjustment for all or a subset of cytogenetic risk, secondary disease, incomplete
blood count recovery, and abnormal karyotype pre-HCT, MRD-positive HCT was associated with
increased overall mortality (HR 4.05, 95% CI. 1.90 to 8.62; p <0.001) and relapse (HR 8.49, 95% CI 3.67
to 19.65; p <0.001) when compared to MRD-negative HCT®:. A subsequent report confirmed the poor
prognosis and high relapse rate of patients with MRD detectable disease by MPFC just prior to
transplant6°,

Molecular studies by quantitative RT-PCR can also be used for detection of MRD, with a sensitivity of 1 in
10*“cells. The value of RT-PCR in core binding factor AML has already been discussed. NPM1 mutations
can also be monitored by this technique®*°®. A study by the UK NRCI found that persistence of detectable
NPML1 transcripts after the second cycle of chemotherapy was associated with a higher risk of relapse
(82% vs. 30%; hazard ratio, 4.80, P<0.001) and a lower OS (24% vs. 75%; hazard ratio for death, 4.38,
P<0.001). This effect was seen even in patients with a co-existing FLT3-ITD mutation’®.

ELN guidelines have now been published®, recommending that CRwro be included as a response
designation. These guidelines also recommend that qRT-PCR be available for assessment of response
for PML-RARA, RUNX1-RUNX1T1, CBFB-MYH11, and NPML1. For other AML patients, MRD assessment
by multiparameter flow cytometry (MPFC) is recommended. Patients that fail to achieve a 3-log reduction
in RUNX1-RUNX1T1 or CBFB-MYH11 transcripts, have detectable NPM1 transcripts or have > 0.1%
detectable disease by MPFC, following the second cycle of intensive chemotherapy (e.g. one induction
and one consolidation) have high relapse rates. In these cases, consideration should be made to altering
therapy. It was also recommended that serial monitoring by gRT-PCR be considered for those patients
with RUNX1-RUNX1T1, CBFB-MYH11 or NPM1 who are not proceeding to transplant.

Not all of these tests are currently routinely available or uniformly reported in Alberta; our goal is to work
toward implementing standardized MRD testing, based on these guidelines.

A recent study found that mutational profiling by NGS can also be used for MRD detection post-
chemotherapy, and can be predictive of relapse®’, however, this is not currently recommended for MRD
assessment outside of clinical trials.

- . www.albertahealthservices.ca

Page 19 of 45



... Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
= Version 6
B Services

Risk Groups as per Cytogenetic and Molecular Status

Table 7.Summary of AML Risk Groups (Adapted from European LeukemiaNet®°)

Risk
Category Genetic Abnormality
Favorable 1(8;21)(g22;922.1); RUNX1-RUNX1T1

inv(16)(p13.1922) or t(16;16)(p13.1;922); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITD'ow(©
Biallelic mutated CEBPA
Intermediate Mutated NPM1 and FLT3-ITDh©
Wild type NPM1 without FLT3-ITD or with FLT3-ITD'*"© (w/o adverse-risk genetic lesions)
t(9;11)(p21.3;023.3); MLLT3-KMT2Ad
Cytogenetic abnormalities not classified as favorable or adverse
Adverse t(6;9)(p23;934.1); DEK-NUP214
t(v;11923.3); KMT2A rearranged
t(9;22)(q34.1;911.2); BCR-ABL1
inv(3)(q21.3926.2) or t(3;3)(q21.3;926.2); GATA2,MECOM(EVI1)
-5 or del(5q); -7; -17/abn(17p) Complex karyotype,® monosomal karyotype'
Wild type NPM1 and FLT3-ITDhigh(©)
Mutated RUNX19
Mutated ASXL19
Mutated TP53"

a. Frequencies, response rates and outcome measures should be reported by risk category, and, if sufficient numbers are available, by specific
genetic lesions indicated.

b.  Prognostic impact of a marker is treatment-dependent and may change with new therapies.

c. Low, low allelic ratio (<0.5); high, high allelic ratio (>0.5); semi-quantitative assessment of FLT3-ITD allelic ratio (using DNA fragment
analysis) is determined as ratio of the area under the curve (AUC) “FLT3-ITD” divided by AUC “FLT3-wild type”; recent studies indicate that
acute myeloid leukemia with NPM1 mutation and FLT3-ITD low allelic ratio may also have a more favorable prognosis and patients should
not routinely be assigned to allogeneic hematopoietic-cell transplantation.

d. The presence of t(9;11)(p21.3;923.3) takes precedence over rare, concurrent adverse-risk gene mutations.

e. Three or more unrelated chromosome abnormalities in the absence of one of the World Health Organization-designated recurring
translocations or inversions, i.e., t(8;21), inv(16) or t(16;16), t(9;11), t(v;11)(v;q23.3), t(6;9), inv(3) or t(3;3); AML with BCR-ABL1.

f.  Defined by the presence of one single monosomy (excluding loss of X or Y) in association with at least one additional monosomy or
structural chromosome abnormality (excluding core-binding factor AML).

g. These markers should not be used as an adverse prognostic marker if they co-occur with favorable-risk AML subtypes.

h.  TP53 mutations are significantly associated with AML with complex and monosomal karyotype.
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Treatment?®:98.%9

The initial goal of therapy for AML is to achieve a complete remission, given that a complete remission
with currently available therapy is requisite, although not sufficient for a cure. It is the sole outcome
currently associated with improved survival. Chemotherapy is the mainstay of treatment. Poor
performance status and comorbid medical conditions, in addition to age, are factors which influence the
ability of an individual to tolerate induction therapy.

In patients undergoing intensive chemotherapy a central venous catheter ideally should be placed.

Supportive care in all patients includes red blood cell transfusions for symptomatic anemia. Platelets
should be transfused at a threshold of 10 x 10%L if there is no evidence of bleeding or to keep a platelet
level of around 50 x 10%/L if there is active bleeding.

Tumor lysis prophylaxis with allopurinol should be initiated in all patients. Monitoring for electrolyte
abnormalities and renal function should be ongoing during the first few days of induction chemotherapy
particularly in patients with significantly elevated white blood cell count. Rasburicase should be considered
in those at high risk of significant tumor lysis.

Antifungal prophylaxis should be considered during all phases of chemotherapy depending on local
incidence of invasive fungal infections?>%, In a large randomized trial in AML patients receiving induction
and post-remission chemotherapy, posaconazole prophylaxis was associated with a lower incidence of
invasive Aspergillosis and lower mortality compared with fluconazole or itraconazole!®. Therapy of febrile
neutropenia should include empiric broad spectrum antibiotics according to IDSA guidelines®.

The use of growth factor support should be individualized and should be considered in those with
documented life-threatening infections. Recent use of G-CSF can increase the blast count in a bone
marrow specimen obtained to determine remission status, however immunophentoyping may be useful in
this situation if the leukemic cells are known to have an abnormal phenotype. Pegylated growth factors
have not been studied in this setting.

Steroid eye drops are recommended during the administration of intermediate to high dose cytarabine to
prevent conjunctivitis. These patients should also be screened for cerebellar toxicities before each dose of
cytarabine.

Sperm preservation should be discussed with male patients and a serum pregnancy test should be
performed in female patients. Women should be given their options regarding fertility preservation.

Rare patients who present with extramedullary disease should be treated with systemic therapy. Local
therapy (surgery/radiotherapy may be useful for residual disease).
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Transplant Eligible Patients:
Table 8. Prognosis by European LeukemiaNet Risk group in Younger patients (<60 years of age)°?

Risk N CR (%) DFS (%) 0S (%) Meg/ ie"":rSFS M?;’eii?s?s
Favourable* 339 95 55 66 55 11.5
Intermediate I** 144 76 23 28 0.8 1.2
Intermediate [I*** 156 79 34 45 1.2 2.1
Adverse*** 179 50 10 12 0.6 0.8

N=number of patients, CR=complete remission, DFS= disease free survival, OS=overall survival

*1(8;21)(922;922); RUNX1-RUNX1T1, inv(16)(p13.1922) or t(16;16)(p13.1;922); CBFB-MYH11, Mutated NPM1 without FLT3-ITD (normal
karyotype), Mutated CEBPA (normal karyotype)

**Mutated NPM1 and FLT3-ITD (normal karyotype), Wild-type NPM1 and FLT3-ITD (normal karyotype), Wild-type NPM1 without FLT3-ITD
(normal karyotype)

***4(9;11)(p22;923); MLLT3-MLL, Cytogenetic abnormalities not classified as favorable or adverse

*inv(3)/(921926.2) or t(3;3)(921;926.2); RPN1-EVI1, t(6;9)(p23;q34); DEK-NUP214, t(v;11)(v;q23); MLL rearranged, -5 or del(5q), -7, abnl(17p),
Complex karyotype (three or more chromosome abnormalities in the absence of one of the WHO designated recurring translocations or
inversions).

Induction

Chemotherapy should consist of standard-dose cytarabine with an anthracycline, so called 7&3
chemotherapy (see appendix A for regimens). Studies looking at higher doses of cytarabine in induction
have not shown an increased CR rate but have demonstrated an increased treatment related mortality°*
105 At count recovery or about day 28-35 from the start of chemotherapy a bone marrow aspirate should
be done to determine remission status. The likelihood of establishing a CR with one cycle of induction
chemotherapy varies amongst prognostic groups but overall is in the order of 60-70%. Consider repeating
cytogenetic analysis if initially abnormal as part of the remission documentation?®.Other regimens such as
FLAG (fludarabine + high-dose cytarabine + G-CSF) or NOVE (mitoxantrone + etoposide) may need to be
considered in the case of significant left ventricular dysfunction.

Re-induction

If CR is not achieved after one cycle of induction chemotherapy another attempt is appropriate. This may
consistent of a repeat of 7&3 chemotherapy or alternatively a different regimen such as NOVE, NOVE-
HIDAC®, FLAG-Ida (FLAG + idarubicin), or high dose cytarabine (HIDAC) (see appendix A for regimens)
may be tried. A bone marrow aspirate and biopsy should be done at count recovery or day 30-35 to
document remission status. The likelihood of a second regimen being successful is in the order of 50%. If
no remission is achieved after 2 cycles of induction chemotherapy palliation may become the goal of care.

Consolidation

If CR has been achieved further therapy is necessary for potential cure. The nature of consolidation
therapy must be individualized for each patient based on a risk analysis of the risk of relapse of the AML
versus the risk of the proposed consolidation therapy. This will depend on prognostic features of the
leukemia, response to therapy, performance status and type of hematopoietic stem cell donor available.
HIiDAC is the mainstay of consolidation chemotherapy as there has been shown to be a dose intensity
effect to cytarabine suggesting that HIDAC is beneficial in induction or consolidation®*%4, Generally at
least one cycle is administered in all patients if only to allow for planning of an allogeneic stem cell
transplant although the absolute need for this is controversial.
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e Good risk patients: In patients with AML with t(8;21) or inv 16, data suggests that provided there are
no additional risk factors multiple cycles of HIDAC provide higher overall survival than lower doses of
cytarabine or stem cell transplant!®-1%° Our recommendation is 3-4 cycles of HIDAC post induction
chemotherapy. A recent retrospective study from Edmonton and Vancouver found similar outcomes
with 2 cycles of consolidation compared with 311°, but this requires confirmation in a prospective study.
There is also evidence that the addition of gemtuzumab ozogamicin (GO) may produce better
outcomes when combined with chemotherapy!'*; however, this agent is not yet approved in Canada.

¢ Intermediate risk patients: HIDAC has been shown to be preferable over lower dose cytarabine in
this cytogenetic group as well?51%7 but its superiority over stem cell transplantation has not been
established. It is generally recognized that an allogeneic stem cell transplant provides a decreased
relapse rate at a cost of increased treatment related mortality when compared to consolidation
chemotherapy or autologous transplantationi®®112-114 The transplant related mortality gap between
matched related and unrelated donors has been shown to be significantly reduced in recent
years!®116 A suitable hematopoietic stem cell donor should be sought. If a matched sibling donor is
found a related myeloablative stem cell transplant should proceed as soon as possible, ideally after
one dose of HIDAC. If there are no suitable family donors, the patient should proceed through 3-4
cycles of HIDAC consolidation while a match unrelated donor is sought. If one is found before the third
cycle of consolidation chemotherapy, consider matched unrelated donor stem cell transplantation.

e High risk patients: All efforts should be undertaken to find a matched donor, related or unrelated for
eligible patients. During that time the patient should receive ongoing cycles of HIDAC chemotherapy
up to a total of 4 cycles. The patient should proceed to allogeneic stem cell transplantation as soon as
a donor is identified. If no fully matched donor is available consideration should be given to a
haploidentical related transplant if a suitable donor is available. Finally, unrelated cord blood
transplantation is also an option in selected situations.

FLT3 Mutation Positive Patients:

If not enrolled on a clinical trial with a FLT3 inhibitor, midostaurin should be added for these patients on
day 8 of each induction and consolidation treatment cycle, as per the RATIFY clinical trial protocol
(midostaurin and standard induction/consolidation chemotherapy). The Phase Il RATIFY (CALGB 10603)
trial randomized 717 AML patients with FLT3 mutation to receive standard induction and consolidation
chemotherapy +/- midostaurin. After a median follow-up of 57 months, patients in the midostaurin arm had
a significant improvement in median overall survival vs. placebo (74.7 months vs. 26 months, respectively;
p=0.007), representing a 23% reduction in the risk for death®. It has now been approved by Health
Canada for this indication.

Relapse:

e Re-induction: An attempt at achieving a second CR should be attempted. If the remission was
greater than one year 7&3 chemotherapy can be used again. Otherwise other regimens such as
FLAG-Ida, NOVE, NOVE-HIDAC, or HIDAC are appropriate. Participation in a clinical trial is
encouraged.

¢ Hematopoietic stem cell transplantation: If a stem cell transplant was not done in first CR it should

be undertaken once a second CR has been achieved. The ideal donor would be an allogeneic
matched related or unrelated donor, or if necessary a related haploidentical donor or cord blood unit.
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Palliation

If comorbid conditions affect the ability to proceed with optimal aggressive therapy, treatment with either
low-dose cytarabine (LDAC) or azacitidine (VIDAZA®) is recommended as these have been shown to
increase overall survival compared to supportive care alone!'”!8, Azacitidine is recommended for patients
with 20-30% marrow blasts with dysplasia and for patients with adverse risk cytogenetics, based on two
Phase IIl randomized trials'%'2°, For patients with >30% blasts and intermediate risk cytogenetics, LDAC
and azacitidine have similar survivals'?!; LDAC has the advantage of lower cost and the potential for at-
home administration.

The recommended dose of azacitidine is 75 mg/m?/day subcutaneously for 7 days, every 28 days, for at
least six cycles!??. This is also an appropriate approach in the setting of primary induction failure not
eligible for further intensive therapy, or relapse, particularly after allogeneic stem cell transplantation. It
may also be considered in patients in CR after induction where aggressive chemotherapy for
consolidation is no longer indicated. The most commonly used dosing for LDAC is 20 mg subcutaneously
twice daily for 10 days'?’, repeated every 4-5 weeks; 40 mg once daily may be used for home care
administration. At least 4 cycles should be used, unless there is clear evidence of progression earlier. In
patients not responding to LDAC, azacitidine may be utilized; however, LDAC does not appear to be
effective in azacitidine failures.

For patients not able or willing to receive these treatments, or not responding to these, supportive care
alone is appropriate, with hydroxyurea to control circulating blast counts.

Transplant Ineligible Patients:
Table 9. Prognosis by European LeukemiaNet Risk factor in Elderly patients (260 years of age)!®?

Risk N CR (%) DFS (%) oS (%) Me&i:;‘rsD)FS M?S;i?s)os
Favourable* 145 83 24 33 1.1 1.6
Intermediate I** 136 61 10 1 0.6 0.9
Intermediate [ 229 63 11 16 0.7 0.9
Adverse **** 229 39 6 3 0.5 0.5

N=number of patients, CR=complete remission, DFS= disease free survival, OS=overall survival

*1(8;21)(g22;922); RUNX1-RUNX1T1, inv(16)(p13.1922) or t(16;16)(p13.1;q22); CBFB-MYH11, Mutated NPM1 without FLT3-ITD (normal
karyotype), Mutated CEBPA (normal karyotype)

**Mutated NPM1 and FLT3-ITD (normal karyotype), Wild-type NPM1 and FLT3-ITD (normal karyotype), Wild-type NPM1 without FLT3-ITD
(normal karyotype)

***1(9;11)(p22;923); MLLT3-MLL, Cytogenetic abnormalities not classified as favorable or adverse

**inv(3)/(921926.2) or t(3;3)(921;926.2); RPN1-EVI1, t(6;9)(p23;q34); DEK-NUP214, t(v;11)(v;q23); MLL rearranged, -5 or del(5q), -7, abnl(17p),
Complex karyotype (three or more chromosome abnormalities in the absence of one of the WHO designated recurring translocations or
inversions).

In patients with a normal karyotype, the remission rate on older patients is 50-60% with cytarabine
combined with idarubicin, daunorubicin or mitoxantrone. In those with adverse risk cytogenetics the
chance of achieving a remission is approximately 25%, with median OS of approximately 6
months?>26:123 Attempts to modify this by adjusting the chemotherapy regimens, adding growth factors
or multidrug resistance protein regulators have not been successful’1?#126, Due to the poor outcomes
in this group, clinical trials are particularly important. However, if none are available, azacitidine would
be appropriate therapy in older patients with high-risk cytogenetics who are not considered candidates
for allogeneic HSCT. In other elderly non-fit patients, low-dose cytarabine would also be appropriate
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Induction

In patients with an ECOG performance status of 2 or less and no prohibitive comorbid conditions,
standard 7&3 induction chemotherapy is appropriate'?’, particularly in patients with core-binding factor
leukemias. If consideration is being given to consolidation therapy or re-induction in the case of primary
induction failure, a bone marrow aspirate should be performed to document remission. If no further
therapy is planned this can be omitted.

Consolidation

Consolidation chemotherapy in this group of patients is controversial. There is evidence to suggest that
low-dose, prolonged ambulatory treatment should be preferred to intensive chemotherapy*?3; however
intermediate dose cytarabine can be considered if the patient maintains a good performance status,
normal renal function, and has a good or normal karyotype. Consolidation has not been shown to prolong
survival in patients with high risk karyotypes. There is limited retrospective data which suggests
azacitidine may be appropriate in this setting, although prior cytotoxic therapy was associated with a
decreased marrow response rate, azacitidine treatment still prolonged overall survival*?®, LDAC may also
be considered in patients in CR who are not suitable candidates for further intensive chemotherapy.

Relapse
In this age group, if acute leukemia recurs palliation with best supportive care or azacitidine is indicated if
there are no available clinical trials.

Mixed-Phenotype Acute Leukemia:

Mixed-phenotype acute leukemia (MPAL) is rare, accounting for less than 5% of acute leukemia cases’.
Treatment approaches to MPAL vary, as there is no standard therapy for patients. Typical, treatment may
include AML-type induction therapy, ALL-type induction therapy, or a hybrid combination of AML/ALL-type
induction regimen'?®. An early allogeneic hematopoietic cell transplant should be considered for these
patients. It should be noted that data regarding the treatment of MPAL is largely retrospective in nature,
with limited studies available for review.

One international retrospective study of 100 children and adults with MPAL defined by the 2008 WHO
classification reported a 5-year survival rate of 37% (median survival 1.5 years)'*. Treatment was
selected by the managing physician and information regarding the treatment choice by age group was not
presented. Age >15, Philadelphia chromosome positive leukemia, and AML-type induction treatment
approaches were associated with significantly reduced median survival. Data from this study is
summarized below.

Table 10. Treatment Approaches and Outcomes for Mixed-Phenotype Acute Leukemia (Retrospective
data, both children and adults)**°

Treatment-Related Median Survival
Treatment Approach Patients CR (%) Deaths (months)
ALL-type induction 27 85 0 139
AML-type induction 34 41 3 11
AML/ALL hybrid induction 5 60 2 N/A
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CNS Prophylaxis/ Disease Treatment*3L:

Involvement of the central nervous system at the time of AML diagnosis is rare (occurring in
approximately 3% of cases), and routine evaluation is not recommended in asymptomatic patients.
Development of CNS involvement during treatment is also rare. CNS involvement may be more common
in AML patients with a prominent monocytic component, acute promyelocytic leukemia in systemic
relapse, AML with inv(16) or chromosome 11 abnormality, in those with hyperleukocytosis (WBC > 40), or
an elevated lactate dehydrogenase®*?% however, it remains unclear whether all of these risk factors still
apply to patients treated with modern induction regimens.

Symptoms of increased intracranial pressure, cranial nerve palsies, symptoms of CNS hemorrhage,
symptoms of spinal cord compression and/or visual changes indicate potential CNS involvement. Mass
lesions are uncommon, although reported at a higher frequency in inv(16) patients'®2. Diagnosis of CNS
leukemia is typically confirmed by the identification of leukemic blasts on cytocentrifuge preparations of
cerebrospinal fluid after lumber puncture.

No prospective studies comparing intrathecal chemotherapy, systemic chemotherapy and/or cranial
radiation have been reported to guide treatment in patients with CNS leukemia. Intrathecal chemotherapy
with methotrexate (12 to 15 mg/dose) or cytarabine (50-70 mg/dose) is a common approach. Systemic
high dose methotrexate or cytarabine in combination with diaziquone has been shown to achieve
clearance of the CNS tumour load®, however, even after successful therapy, treatment in this setting is
associated with high relapse rates®®®. Patients with cranial nerve involvement or a tumour mass that
impinges on important structures may require initial radiation therapy (18 to 25 Gy for the brain) followed
by intrathecal chemotherapy36:1%7,

In patients with neurological symptoms imaging should be done to rule out a mass or bleed. If neither of
these is present a lumbar puncture should be done and sent for morphology as well as flow cytometry. If
this is negative for leukemic cells initially it should be repeated if the symptoms persist. If it is positive, as
per the diagnostic criteria in section 3, intrathecal chemotherapy should be administered twice a week
concurrently with induction chemotherapy until the cerebrospinal fluid is no longer positive by morphology
and flow cytometry. An additional 2 intrathecal treatments should then be administered. Intrathecal
chemotherapy should consist of alternating single agent cytarabine and methotrexate or “triple therapy”
with cytarabine, methotrexate and hydrocortisone.

In patients with myelomonocytic or monocytic leukemia as well as those with a presenting blast count of
greater than 40 x10%L consider a screening lumbar puncture at diagnosis with intrathecal chemotherapy
administered at the same time. If the cerebrospinal fluid is positive for leukemic cells the patient should be
treated as above.

Follow Up

Once all therapy is completed no further bone marrow aspirates are indicated unless there is concern of
relapse or loss of graft in transplanted patients. Regular complete blood counts should be performed
every month for the first few years then every 3 months until 5 years. The risk of recurrence after 5 years
is very low and hematological follow up can be stopped at that point. Patients should be reminded of the
signs and symptoms of leukemia including those of anemia, thrombocytopenia and infection and
instructed to seek medical attention at any point if these develop. If there is concern of a relapse at any
point, a bone marrow aspirate and biopsy should be performed and the patient should be sent for all the
appropriate diagnostic tests.
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New Therapies

Gemtuzumab ozogamicin (GO) the anti-CD33 antibody carrying a toxic calicheamicin-y; derivative, which
after intracellular hydrolytic release, induces DNA strand breaks, apoptosis, and cell death was the first
anti-cancer immunoconjugate to obtain regulatory approval in the United States. It was subsequently
withdrawn from the US by Pfizer after results from the S0106 trial demonstrated no overall survival
benefit, while reporting an increased rate of early mortality in the GO arm of patients 18-60 years old with
de novo AML receiving 2 cycles of induction chemotherapy with daunorubicin/cytarabine with or without
GO (6 mg/m?)1%, However, emerging data from other well controlled studies did report benefits from the
addition of GO to chemotherapy, particularly when used in smaller fractionated doses*®14!, A recent
metanalysis of 5 randomized trials found an overall survival benefit for GO when added to intensive
chemotherapy, most strikingly seen in patients with favourable risk cytogenetics, while those with adverse
risk karyotypes did not benefit!!!. In September 2017 GO was approved by the FDA for this indication. It is
currently under review by Health Canada (February 2019) and available via compassionate access.

CPX-351 (VyxeosR) is a nanoparticle formulation containing a fixed molar ratio of daunorubicin and
cytarabine. A phase Ill randomized trial in previously untreated AML patients with secondary AML age 60-
75 found that this agent was superior to standard 3+7 induction therapy**?, while no benefit was seen in
another study in de novo'*. It has now been FDA approved for the treatment of secondary AML as of
August 2017; approval in Canada is pending however it is available on a compassionate basis.

The development of more potent second generation FLT3 inhibitors remains an area of active
investigation. The second-generation inhibitors (quizartinib, gilteritinib, crenolanib) have produced CR
rates in the 40% range as single agents in relapsed AML#445 but remain investigational. These agents
are being actively investigated in combination with chemotherapy, both in the frontline and relapsed
setting. Gilteritinib is now available by compassionate access.

Approximately 15-20% of AML patients have IDH1 or IDH2 mutations, which result in aberrant production
of an oncoprotein, 5HG, which induces a block in cell differentiation. Enasidenib (AG221) is a selective
oral IDH2 inhibitor that inhibits SHG production and restores normal cell differentiation. Treatment with this
agent in relapsed/refractory AML patients with IDH2 mutations has produced CR in approximately 30% of
cases; responses may take up to 6 months to be seen*. This agent has now been approved by the FDA
and Health Canada for this indication but not yet publically funded. It is available on a compassionate
basis. Ivosidenib is a selective IDH1 inhibitor which has shown activity in IDH1 mutated disease in early
clinical trials*’.

Another promising agent is venetoclax, a selective oral small molecule BCL-2 inhibitor. Although it has
limited activity as a single agent, it has been found to synergize with chemotherapy agents in preclinical
models. In a study by Wei et al, venetoclax 600 mg daily was given in combination with low dose
cytarabine to patients with newly diagnosed AML not eligible to receive intensive induction
chemotherapy*®. Of the 82 patients evaluable, 44 (54%) achieved CR or CR with incomplete count
recovery (CRi), demonstrating that this is an active combination in patients with newly diagnosed AML.
Venetoclax in combination with azacitdiine or decitabine was evaluated in older patients with AML unfit to
receive intensive chemotherapy. Of the 145 patients enrolled, 67%of patients achieved CR/CRi. The
median duration of response was 11.3 months4°.
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These regimens are now under evaluation in Phase Il randomized clinical trials. Phase | studies are also
ongoing adding it to intensive remission inducing chemotherapy. It has been approved by the FDA in
patients over the age of 75 with de novo AML in combination with low dose cytarabine or hypomethylating
agents as of November 2018.

Many other novel agents are currently in clinical trials in AML, including agents that target MDM2
(inhibition of which results in upregulation of p53, inducing apoptosis)**°, DOT1L (associated with MLL
overexpression/rearrangements)*®!, Polo-like kinase-1'%21%3 and CXCR421%3, A number of novel
immunocongugates are also in clinical trials, targeting antigens expressed on AML stem cells such as
CD123 and CLL1. CAR-T (chimeric antigen receptor) cell therapy is a novel form of immunotherapy which
has produced remissions in many patients with chemotherapy-refractory ALL and lymphoma; early trials in
AML are in progress.

Enroliment in trials with novel agents is strongly encouraged. It is our goal to have a clinical trial,
investigating new agents or new combinations, applicable to every patient.
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GLOSSARY OF ABBREVIATIONS

Acronym Description

abn Abnormalities

ALL Acute lymphaoblastic leukemia

ALT Alanine aminotransferase (liver enzyme)
AML Acute myeloid leukemia

APL Acute promyelocytic leukemia

AUC Area under the curve

CALGB Cancer and Leukemia Group B

CBF AML Core hinding factor acute myeloid leukemia
CEBPA CCAAT/Enhancer binding protein a
CEBPAdmM Double mutated CEBPA

CEBPAsm Single mutation CEBPA

CMV Cytomegalovirus

CN AML Cytogenically normal acute myeloid leukemia
CNS Central nervous system

CR Complete remission

CRc Complete cytogenic remission

CRi Complete remission with incomplete recovery
CSF Cerebrospinal fluid

DFS Disease free survival

ECOG Eastern Cooperative Oncology Group

ELN European Leukemia Net

FISH Fluorescence in-situ hybridization

FLAG Fludarabine + cytarabine + G-CSF
FLAG-Ida Fludarabine + cytarabine + G-CSF + idarubicin
FLT3 FMS-like tyrosine kinase 3 (molecular marker)
G-CSF Granulocyte colony stimulating factor

GO Gemtuzumab ozogamicin

HDAC Histone deacetylases

HIiDAC High-dose cytarabine

HIV Human immunodeficiency virus

HLA Human leukocyte antigen

HSV Herpes simplex virus

IDSA Infectious Diseases Society of America
INR International normalized ratio

ITD Internal tandem duplication

LAIP Leukemia-associated immunophenotype
LAP Leukocyte-associated phenotype

LDAC Low-dose cytarabine

MDL Myelodysplastic syndrome

MPAL Mixed-phenotype acute leukemia

MRC Medical Research Council

MRD Minimal residual disease

NCCN National Comprehensive Cancer Network
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ND Not determined

NK Natural Killer

NOVE Mitoxantrone + etoposide

NPM1 Nucleophosmin 1 (molecular marker)

0S Overall survival

PML Promyelocytic leukemia

PTT Partial thromboplastin time

RARa Retinoic acid receptor, alpha

RATIFY Randomized AML trial in FLT3 in patients less than 60 years old
RBC Red blood cell

RD Resistant disease

RT-PCR Reverse transcription polymerase chain reaction
SWOG Southwestern Oncology Group

TB Tuberculosis

TKD Tyrosine kinase domain

VDRL Venereal Disease Research Laboratory test
VzZV Varicella zoster virus

WBC White blood cell

WHO World Health Organization

DISSEMINATION/IMPLEMENTATION STRATEGY

o Present the guideline in the tumour team meetings and weekly rounds.
o Post the guideline on the Alberta Health Services website.

MAINTENANCE

A formal review will be conducted in 2019, however if new evidence is brought forward before that time,
the guideline will be changed accordingly.

- . www.albertahealthservices.ca

Page 30 of 45



.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

REFERENCES
1. Deschler B, Lubbert M. Acute myeloid leukemia: epidemiology and etiology. Cancer 2006 Nov 1;107(9):2099-2107.

2. Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller-Hermelink HK, Vardiman J, et al. World Health Organization
classification of neoplastic diseases of the hematopoietic and lymphoid tissues: report of the Clinical Advisory
Committee meeting-Airlie House, Virginia, November 1997. J Clin Oncol 1999 Dec;17(12):3835-3849.

3. Vardiman JW, Thiele J, Arber DA, Brunning RD, Borowitz MJ, Porwit A, et al. The 2008 revision of the World
Health Organization (WHO) classification of myeloid neoplasms and acute leukemia: rationale and important
changes. Blood 2009 Jul 30;114(5):937-951.

4. Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. Acute leukemia incidence and patient survival among
children and adults in the United States, 2001-2007. Blood 2012 Jan 5;119(1):34-43.

5. Pui CH, Ribeiro RC, Hancock ML, Rivera GK, Evans WE, Raimondi SC, et al. Acute myeloid leukemia in children
treated with epipodophyllotoxins for acute lymphoblastic leukemia. N Engl J Med 1991 Dec 12;325(24):1682-1687.

6. Larson RA. Cytogenetics, not just previous therapy, determines the course of therapy-related myeloid neoplasms. J
Clin Oncol 2012 Jul 1;30(19):2300-2302.

7. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, et al. The 2016 revision to the World Health
Organization classification of myeloid neoplasms and acute leukemia. Blood 2016 May 19;127(20):2391-2405.

8. Lee DW, Kochenderfer JN, Stetler-Stevenson M, Cui YK, Delbrook C, Feldman SA, et al. T cells expressing CD19
chimeric antigen receptors for acute lymphoblastic leukaemia in children and young adults: a phase 1 dose-escalation
trial. Lancet 2015 Feb 7;385(9967):517-528.

9. Cheson BD, Bennett JM, Kopecky KJ, Buchner T, Willman CL, Estey EH, et al. Revised recommendations of the
International Working Group for Diagnosis, Standardization of Response Criteria, Treatment Outcomes, and
Reporting Standards for Therapeutic Trials in Acute Myeloid Leukemia. J Clin Oncol 2003 Dec 15;21(24):4642-4649.

10. Ossenkoppele G, Schuurhuis GJ. MRD in AML: time for redefinition of CR? Blood 2013 Mar 21;121(12):2166-
2168.

11. Dohner H, Estey EH, Amadori S, Appelbaum FR, Buchner T, Burnett AK, et al. Diagnosis and management of
acute myeloid leukemia in adults: recommendations from an international expert panel, on behalf of the European
LeukemiaNet. Blood 2010 Jan 21;115(3):453-474.

12. de Greef GE, van Putten WL, Boogaerts M, Huijgens PC, Verdonck LF, Vellenga E, et al. Criteria for defining a
complete remission in acute myeloid leukaemia revisited. An analysis of patients treated in HOVON-SAKK co-
operative group studies. Br J Haematol 2005 Jan;128(2):184-191.

13. Marcucci G, Mrozek K, Ruppert AS, Archer KJ, Pettenati MJ, Heerema NA, et al. Abnormal cytogenetics at date
of morphologic complete remission predicts short overall and disease-free survival, and higher relapse rate in adult

www.albertahealthservices.ca

Page 31 of 45



.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

acute myeloid leukemia: results from cancer and leukemia group B study 8461. J Clin Oncol 2004 Jun
15;22(12):2410-2418.

14. Chen Y, Cortes J, Estrov Z, Faderl S, Qiao W, Abruzzo L, et al. Persistence of cytogenetic abnormalities at
complete remission after induction in patients with acute myeloid leukemia: prognostic significance and the potential
role of allogeneic stem-cell transplantation. J Clin Oncol 2011 Jun 20;29(18):2507-2513.

15. Yin JA, O'Brien MA, Hills RK, Daly SB, Wheatley K, Burnett AK. Minimal residual disease monitoring by
guantitative RT-PCR in core binding factor AML allows risk stratification and predicts relapse: results of the United
Kingdom MRC AML-15 trial. Blood 2012 Oct 4;120(14):2826-2835.

16. Forman SJ, Rowe JM. The myth of the second remission of acute leukemia in the adult. Blood 2013 Feb
14;121(7):1077-1082.

17. Anderson JE, Kopecky KJ, Willman CL, Head D, O'Donnell MR, Luthardt FW, et al. Outcome after induction
chemotherapy for older patients with acute myeloid leukemia is not improved with mitoxantrone and etoposide
compared to cytarabine and daunorubicin: a Southwest Oncology Group study. Blood 2002 Dec 1;100(12):3869-
3876.

18. Kantarjian H, O'brien S, Cortes J, Giles F, Faderl S, Jabbour E, et al. Results of intensive chemotherapy in 998
patients age 65 years or older with acute myeloid leukemia or high-risk myelodysplastic syndrome: predictive
prognostic models for outcome. Cancer 2006 Mar 1;106(5):1090-1098.

19. Byrd JC, Mrozek K, Dodge RK, Carroll AJ, Edwards CG, Arthur DC, et al. Pretreatment cytogenetic abnormalities
are predictive of induction success, cumulative incidence of relapse, and overall survival in adult patients with de novo
acute myeloid leukemia: results from Cancer and Leukemia Group B (CALGB 8461). Blood 2002 Dec
15;100(13):4325-4336.

20. Grimwade D, Walker H, Oliver F, Wheatley K, Harrison C, Harrison G, et al. The importance of diagnostic
cytogenetics on outcome in AML: analysis of 1,612 patients entered into the MRC AML 10 trial. The Medical
Research Council Adult and Children's Leukaemia Working Parties. Blood 1998 Oct 1;92(7):2322-2333.

21. Slovak ML, Kopecky KJ, Cassileth PA, Harrington DH, Theil KS, Mohamed A, et al. Karyotypic analysis predicts
outcome of preremission and postremission therapy in adult acute myeloid leukemia: a Southwest Oncology
Group/Eastern Cooperative Oncology Group Study. Blood 2000 Dec 15;96(13):4075-4083.

22. Chalandon Y, Barnett MJ, Horsman DE, Conneally EA, Nantel SH, Nevill TJ, et al. Influence of cytogenetic
abnormalities on outcome after allogeneic bone marrow transplantation for acute myeloid leukemia in first complete
remission. Biol Blood Marrow Transplant 2002;8(8):435-443.

23. Ogawa H, lkegame K, Kawakami M, Takahashi S, Sakamaki H, Karasuno T, et al. Impact of cytogenetics on
outcome of stem cell transplantation for acute myeloid leukemia in first remission: a large-scale retrospective analysis
of data from the Japan Society for Hematopoietic Cell Transplantation. Int J Hematol 2004 Jun;79(5):495-500.

www.albertahealthservices.ca

Page 32 of 45



.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

24. Yanada M, Matsuo K, Emi N, Naoe T. Efficacy of allogeneic hematopoietic stem cell transplantation depends on
cytogenetic risk for acute myeloid leukemia in first disease remission: a metaanalysis. Cancer 2005 Apr
15;103(8):1652-1658.

25. Grimwade D, Walker H, Harrison G, Oliver F, Chatters S, Harrison CJ, et al. The predictive value of hierarchical
cytogenetic classification in older adults with acute myeloid leukemia (AML): analysis of 1065 patients entered into the
United Kingdom Medical Research Council AML11 trial. Blood 2001 Sep 1;98(5):1312-1320.

26. Farag SS, Ruppert AS, Mrozek K, Mayer RJ, Stone RM, Carroll AJ, et al. Outcome of induction and postremission
therapy in younger adults with acute myeloid leukemia with normal karyotype: a cancer and leukemia group B study. J
Clin Oncol 2005 Jan 20;23(3):482-493.

27. Schiffer C, Stone R editors. Cancer Medicine. 8th ed. PMPH USA: Shelton; 2010.

28. Ferrara F, Schiffer CA. Acute myeloid leukaemia in adults. Lancet 2013 Feb 9;381(9865):484-495.

29. NCCN. Acute Myeloid Leukemia Version. 3.2019&nbsp; 2019; Available at:
http://www.nccn.org/professionals/physician gls/pdf/aml.pdf.

30. Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, Buchner T, et al. Diagnosis and management of
AML in adults: 2017 ELN recommendations from an international expert panel. Blood 2017 Jan 26;129(4):424-447.

31. Stirewalt DL, Radich JP. The role of FLT3 in haematopoietic malignancies. Nat Rev Cancer 2003 Sep;3(9):650-
665.

32. Kiyoi H, Yanada M, Ozekia K. Clinical significance of FLT3 in leukemia. Int J Hematol 2005 Aug;82(2):85-92.

33. Zheng R, Levis M, Piloto O, Brown P, Baldwin BR, Gorin NC, et al. FLT3 ligand causes autocrine signaling in
acute myeloid leukemia cells. Blood 2004 Jan 1;103(1):267-274.

34. Abu-Duhier FM, Goodeve AC, Wilson GA, Gari MA, Peake IR, Rees DC, et al. FLT3 internal tandem duplication
mutations in adult acute myeloid leukaemia define a high-risk group. Br J Haematol 2000 Oct;111(1):190-195.

35. Kottaridis PD, Gale RE, Frew ME, Harrison G, Langabeer SE, Belton AA, et al. The presence of a FLT3 internal
tandem duplication in patients with acute myeloid leukemia (AML) adds important prognostic information to
cytogenetic risk group and response to the first cycle of chemotherapy: analysis of 854 patients from the United
Kingdom Medical Research Council AML 10 and 12 trials. Blood 2001 Sep 15;98(6):1752-1759.

36. Thiede C, Steudel C, Mohr B, Schaich M, Schakel U, Platzbecker U, et al. Analysis of FLT3-activating mutations
in 979 patients with acute myelogenous leukemia: association with FAB subtypes and identification of subgroups with
poor prognosis. Blood 2002 Jun 15;99(12):4326-4335.

37. Schnittger S, Schoch C, Dugas M, Kern W, Staib P, Wuchter C, et al. Analysis of FLT3 length mutations in 1003

patients with acute myeloid leukemia: correlation to cytogenetics, FAB subtype, and prognosis in the AMLCG study
and usefulness as a marker for the detection of minimal residual disease. Blood 2002 Jul 1;100(1):59-66.

- . www.albertahealthservices.ca

Page 33 of 45


http://www.nccn.org/professionals/physician_gls/pdf/aml.pdf

.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

38. Frohling S, Schlenk RF, Breitruck J, Benner A, Kreitmeier S, Tobis K, et al. Prognostic significance of activating
FLT3 mutations in younger adults (16 to 60 years) with acute myeloid leukemia and normal cytogenetics: a study of
the AML Study Group Ulm. Blood 2002 Dec 15;100(13):4372-4380.

39. Beran M, Luthra R, Kantarjian H, Estey E. FLT3 mutation and response to intensive chemotherapy in young adult
and elderly patients with normal karyotype. Leuk Res 2004 Jun;28(6):547-550.

40. Gale RE, Green C, Allen C, Mead AJ, Burnett AK, Hills RK, et al. The impact of FLT3 internal tandem duplication
mutant level, number, size, and interaction with NPM1 mutations in a large cohort of young adult patients with acute
myeloid leukemia. Blood 2008;111(5):2776.

41. Schlenk RF, Kayser S, Bullinger L, Kobbe G, Casper J, Ringhoffer M, et al. Differential impact of allelic ratio and
insertion site in FLT3-ITD-positive AML with respect to allogeneic transplantation. Blood 2014 Nov 27;124(23):3441-
3449.

42. Schneider F, Hoster E, Unterhalt M, Schneider S, Dufour A, Benthaus T, et al. The FLT3ITD mRNA level has a
high prognostic impact in NPM1 mutated, but not in NPM1 unmutated, AML with a normal karyotype. Blood 2012 May
10;119(19):4383-4386.

43. Versluis J, In 't Hout, F. E., Devillier R, van Putten WL, Manz MG, Vekemans MC, et al. Comparative value of
post-remission treatment in cytogenetically normal AML subclassified by NPM1 and FLT3-ITD allelic ratio. Leukemia
2017 Jan;31(1):26-33.

44. Straube J, Ling VY, Hill GR, Lane SW. The impact of age, NPM1(mut), and FLT3(ITD) allelic ratio in patients with
acute myeloid leukemia. Blood 2018 Mar 8;131(10):1148-1153.

45. Mead AJ, Linch DC, Hills RK, Wheatley K, Burnett AK, Gale RE. FLT3 tyrosine kinase domain mutations are
biologically distinct from and have a significantly more favorable prognosis than FLT3 internal tandem duplications in
patients with acute myeloid leukemia. Blood 2007 Aug 15;110(4):1262-1270.

46. Kelly LM, Yu JC, Boulton CL, Apatira M, Li J, Sullivan CM, et al. CT53518, a novel selective FLT3 antagonist for
the treatment of acute myelogenous leukemia (AML). Cancer Cell 2002 Jun;1(5):421-432.

47. Fiedler W, Serve H, Dohner H, Schwittay M, Ottmann OG, O'Farrell AM, et al. A phase 1 study of SU11248 in the
treatment of patients with refractory or resistant acute myeloid leukemia (AML) or not amenable to conventional
therapy for the disease. Blood 2005 Feb 1;105(3):986-993.

48. Stone RM, DeAngelo DJ, Klimek V, Galinsky I, Estey E, Nimer SD, et al. Patients with acute myeloid leukemia
and an activating mutation in FLT3 respond to a small-molecule FLT3 tyrosine kinase inhibitor, PKC412. Blood 2005
Jan 1;105(1):54-60.

49. Stone RM, Mandrekar SJ, Sanford BL, Laumann K, Geyer S, Bloomfield CD, et al. Midostaurin plus
Chemotherapy for Acute Myeloid Leukemia with a FLT3 Mutation. N Engl J Med 2017 Aug 3;377(5):454-464.

50. Bienz M, Ludwig M, Leibundgut EO, Mueller BU, Ratschiller D, Solenthaler M, et al. Risk assessment in patients
with acute myeloid leukemia and a normal karyotype. Clin Cancer Res 2005 Feb 15;11(4):1416-1424.

www.albertahealthservices.ca

Page 34 of 45



.‘. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

51. Schnittger S, Schoch C, Kern W, Mecucci C, Tschulik C, Martelli MF, et al. Nucleophosmin gene mutations are
predictors of favorable prognosis in acute myelogenous leukemia with a normal karyotype. Blood 2005 Dec
1;106(12):3733-3739.

52. Dohner K, Schlenk RF, Habdank M, Scholl C, Rucker FG, Corbacioglu A, et al. Mutant nucleophosmin (NPM1)
predicts favorable prognosis in younger adults with acute myeloid leukemia and normal cytogenetics: interaction with
other gene mutations. Blood 2005 Dec 1;106(12):3740-3746.

53. Verhaak RG, Goudswaard CS, van Putten W, Bijl MA, Sanders MA, Hugens W, et al. Mutations in nucleophosmin
(NPM1) in acute myeloid leukemia (AML): association with other gene abnormalities and previously established gene
expression signatures and their favorable prognostic significance. Blood 2005 Dec 1;106(12):3747-3754.

54. Thiede C, Koch S, Creutzig E, Steudel C, lllmer T, Schaich M, et al. Prevalence and prognostic impact of NPM1
mutations in 1485 adult patients with acute myeloid leukemia (AML). Blood 2006 May 15;107(10):4011-4020.

55. Falini B, Nicoletti I, Martelli MF, Mecucci C. Acute myeloid leukemia carrying cytoplasmic/mutated nucleophosmin
(NPMc+ AML): biologic and clinical features. Blood 2007 Feb 1;109(3):874-885.

56. Marcucci G, Maharry K, Radmacher MD, Mrozek K, Vukosavljevic T, Paschka P, et al. Prognostic significance of,
and gene and microRNA expression signatures associated with, CEBPA mutations in cytogenetically normal acute
myeloid leukemia with high-risk molecular features: a Cancer and Leukemia Group B Study. J Clin Oncol 2008 Nov
1;26(31):5078-5087.

57. Taskesen E, Bullinger L, Corbacioglu A, Sanders MA, Erpelinck CA, Wouters BJ, et al. Prognostic impact,
concurrent genetic mutations, and gene expression features of AML with CEBPA mutations in a cohort of 1182
cytogenetically normal AML patients: further evidence for CEBPA double mutant AML as a distinctive disease entity.
Blood 2011 Feb 24;117(8):2469-2475.

58. Virappane P, Gale R, Hills R, Kakkas I, Summers K, Stevens J, et al. Mutation of the Wilms' tumor 1 gene is a
poor prognostic factor associated with chemotherapy resistance in normal karyotype acute myeloid leukemia: the
United Kingdom Medical Research Council Adult Leukaemia Working Party. J Clin Oncol 2008 Nov 20;26(33):5429-
5435.

59. Whitman SP, Ruppert AS, Radmacher MD, Mrozek K, Paschka P, Langer C, et al. FLT3 D835/1836 mutations are
associated with poor disease-free survival and a distinct gene-expression signature among younger adults with de
novo cytogenetically normal acute myeloid leukemia lacking FLT3 internal tandem duplications. Blood 2008 Feb
1;111(3):1552-1559.

60. Marcucci G, Metzeler KH, Schwind S, Becker H, Maharry K, Mrozek K, et al. Age-related prognostic impact of
different types of DNMT3A mutations in adults with primary cytogenetically normal acute myeloid leukemia. J Clin
Oncol 2012 Mar 1;30(7):742-750.

61. Gale RE, Lamb K, Allen C, El-Sharkawi D, Stowe C, Jenkinson S, et al. Simpson's Paradox and the Impact of
Different DNMT3A Mutations on Outcome in Younger Adults With Acute Myeloid Leukemia. J Clin Oncol 2015 Jun
20;33(18):2072-2083.

www.albertahealthservices.ca

Page 35 of 45



.‘. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

62. lkeda H, Kanakura Y, Tamaki T, Kuriu A, Kitayama H, Ishikawa J, et al. Expression and functional role of the
proto-oncogene c-kit in acute myeloblastic leukemia cells. Blood 1991 Dec 1;78(11):2962-2968.

63. Schnittger S, Kohl TM, Haferlach T, Kern W, Hiddemann W, Spiekermann K, et al. KIT-D816 mutations in AML1-
ETO-positive AML are associated with impaired event-free and overall survival. Blood 2006 Mar 1;107(5):1791-1799.

64. Cairoli R, Beghini A, Grillo G, Nadali G, Elice F, Ripamonti CB, et al. Prognostic impact of ¢c-KIT mutations in core
binding factor leukemias: an Italian retrospective study. Blood 2006 May 1;107(9):3463-3468.

65. Paschka P, Marcucci G, Ruppert AS, Mrozek K, Chen H, Kittles RA, et al. Adverse prognostic significance of KIT
mutations in adult acute myeloid leukemia with inv(16) and t(8;21): a Cancer and Leukemia Group B Study. J Clin
Oncol 2006 Aug 20;24(24):3904-3911.

66. Jourdan E, Boissel N, Chevret S, Delabesse E, Renneville A, Cornillet P, et al. Prospective evaluation of gene
mutations and minimal residual disease in patients with core binding factor acute myeloid leukemia. Blood 2013 Mar
21;121(12):2213-2223.

67. Pabst T, Mueller BU, Zhang P, Radomska HS, Narravula S, Schnittger S, et al. Dominant-negative mutations of
CEBPA, encoding CCAAT/enhancer binding protein-alpha (C/EBPalpha), in acute myeloid leukemia. Nat Genet 2001
Mar;27(3):263-270.

68. Nerlov C. C/EBPalpha mutations in acute myeloid leukaemias. Nat Rev Cancer 2004 May;4(5):394-400.

69. Wouters BJ, Lowenberg B, Erpelinck-Verschueren CA, van Putten WL, Valk PJ, Delwel R. Double CEBPA
mutations, but not single CEBPA mutations, define a subgroup of acute myeloid leukemia with a distinctive gene
expression profile that is uniquely associated with a favorable outcome. Blood 2009 Mar 26;113(13):3088-3091.

70. Wouters BJ, Sanders MA, Lugthart S, Geertsma-Kleinekoort WM, van Drunen E, Beverloo HB, et al. Segmental
uniparental disomy as a recurrent mechanism for homozygous CEBPA mutations in acute myeloid leukemia.
Leukemia 2007 Nov;21(11):2382-2384.

71. Green CL, Koo KK, Hills RK, Burnett AK, Linch DC, Gale RE. Prognostic significance of CEBPA mutations in a
large cohort of younger adult patients with acute myeloid leukemia: impact of double CEBPA mutations and the
interaction with FLT3 and NPM1 mutations. J Clin Oncol 2010 Jun 1;28(16):2739-2747.

72. Renneville A, Boissel N, Gachard N, Naguib D, Bastard C, de Botton S, et al. The favorable impact of CEBPA
mutations in patients with acute myeloid leukemia is only observed in the absence of associated cytogenetic
abnormalities and FLT3 internal duplication. Blood 2009 May 21;113(21):5090-5093.

73. Schnittger S, Dicker F, Kern W, Wendland N, Sundermann J, Alpermann T, et al. RUNX1 mutations are frequent
in de novo AML with honcomplex karyotype and confer an unfavorable prognosis. Blood 2011 Feb 24;117(8):2348-
2357.

74. Gaidzik VI, Bullinger L, Schlenk RF, Zimmermann AS, Rock J, Paschka P, et al. RUNX1 mutations in acute

myeloid leukemia: results from a comprehensive genetic and clinical analysis from the AML study group. J Clin Oncol
2011 Apr 1;29(10):1364-1372.

- . www.albertahealthservices.ca

Page 36 of 45



.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

75. Metzeler KH, Becker H, Maharry K, Radmacher MD, Kohlschmidt J, Mrozek K, et al. ASXL1 mutations identify a
high-risk subgroup of older patients with primary cytogenetically normal AML within the ELN Favorable genetic
category. Blood 2011 Dec 22;118(26):6920-6929.

76. Schnittger S, Eder C, Jeromin S, Alpermann T, Fasan A, Grossmann V, et al. ASXL1 exon 12 mutations are
frequent in AML with intermediate risk karyotype and are independently associated with an adverse outcome.
Leukemia 2013 Jan;27(1):82-91.

77. Papaemmanuil E, Gerstung M, Bullinger L, Gaidzik VI, Paschka P, Roberts ND, et al. Genomic Classification and
Prognosis in Acute Myeloid Leukemia. N Engl J Med 2016 Jun 9;374(23):2209-2221.

78. University of Chicago Hematopoietic Malignancies Cancer Risk Team. How | diagnose and manage individuals at
risk for inherited myeloid malignancies. Blood 2016 Oct 6;128(14):1800-1813.

79. Al-Issa K, Nazha A. Molecular landscape in acute myeloid leukemia: where do we stand in 2016. Cancer Biol Med
2016 Dec;13(4):474-482.

80. Trifilio SM, Rademaker AW, Newman D, Coyle K, Carlson-Leuer K, Mehta J, Altman J, Frankfurt O, Tallman MS.
Mitoxantrone and etoposide with or without intermediate dose cytarabine for the treatment of primary induction failure or
relapsed acute myeloid leukemia. Leuk Res. 2012 Apr;36:394-396

81. Kim B, Lee H, Jang J, Kim SJ, Lee ST, Cheong JW, et al. Targeted next generation sequencing can serve as an
alternative to conventional tests in myeloid neoplasms. PLoS One 2019 Mar 6;14(3):e0212228.

82. Caldwell JT, Ge Y, Taub JW. Prognosis and management of acute myeloid leukemia in patients with Down
syndrome. Expert Rev Hematol 2014 Dec;7(6):831-840.

83. Baptista RLR, dos Santos, Anna Claudia Evangelista, Gutiyama LM, Solza C, Zalcberg IR. Familial
Myelodysplastic/Acute Leukemia Syndromes—Myeloid Neoplasms with Germline Predisposition. Frontiers in
Oncology 2017;7:206.

84. Owen C, Barnett M, Fitzgibbon J. Familial myelodysplasia and acute myeloid leukaemia--a review. Br J Haematol
2008 Jan;140(2):123-132.

85. Churpek JE, Lorenz R, Nedumgottil S, Onel K, Olopade OlI, Sorrell A, et al. Proposal for the clinical detection and
management of patients and their family members with familial myelodysplastic syndrome/acute leukemia
predisposition syndromes. Leuk Lymphoma 2013 Jan;54(1):28-35.

86. Bacher U, Shumilov E, Flach J, Porret N, Joncourt R, Wiedemann G, et al. Challenges in the introduction of next-
generation sequencing (NGS) for diagnostics of myeloid malignancies into clinical routine use. Blood Cancer J 2018
Nov 12;8(11):6.

87. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and guidelines for the interpretation
of sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology. Genet Med 2015 May;17(5):405-424.

www.albertahealthservices.ca

Page 37 of 45



.‘. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

88. San Miguel JF, Vidriales MB, Lopez-Berges C, Diaz-Mediavilla J, Gutierrez N, Canizo C, et al. Early
immunophenotypical evaluation of minimal residual disease in acute myeloid leukemia identifies different patient risk
groups and may contribute to postinduction treatment stratification. Blood 2001 Sep 15;98(6):1746-1751.

89. Perea G, Lasa A, Aventin A, Domingo A, Villamor N, Queipo de Llano, M. P., et al. Prognostic value of minimal
residual disease (MRD) in acute myeloid leukemia (AML) with favorable cytogenetics [t(8;21) and inv(16). Leukemia
2006 Jan;20(1):87-94.

90. Sievers EL, Lange BJ, Alonzo TA, Gerbing RB, Bernstein ID, Smith FO, et al. Immunophenotypic evidence of
leukemia after induction therapy predicts relapse: results from a prospective Children's Cancer Group study of 252
patients with acute myeloid leukemia. Blood 2003 May 1;101(9):3398-3406.

91. Terwijn M, van Putten WL, Kelder A, van der Velden, V. H., Brooimans RA, Pabst T, et al. High prognostic impact
of flow cytometric minimal residual disease detection in acute myeloid leukemia: data from the HOVON/SAKK AML
42A study. J Clin Oncol 2013 Nov 1;31(31):3889-3897.

92. Freeman SD, Virgo P, Couzens S, Grimwade D, Russell N, Hills RK, et al. Prognostic relevance of treatment
response measured by flow cytometric residual disease detection in older patients with acute myeloid leukemia. J Clin
Oncol 2013 Nov 10;31(32):4123-4131.

93. Walter RB, Gooley TA, Wood BL, Milano F, Fang M, Sorror ML, et al. Impact of pretransplantation minimal
residual disease, as detected by multiparametric flow cytometry, on outcome of myeloablative hematopoietic cell
transplantation for acute myeloid leukemia. J Clin Oncol 2011 Mar 20;29(9):1190-1197.

94. Ivey A, Hills RK, Simpson MA, Jovanovic JV, Gilkes A, Grech A, et al. Assessment of Minimal Residual Disease
in Standard-Risk AML. N Engl J Med 2016 Feb 4;374(5):422-433.

95. Kronke J, Schlenk RF, Jensen KO, Tschurtz F, Corbacioglu A, Gaidzik VI, et al. Monitoring of minimal residual
disease in NPM1-mutated acute myeloid leukemia: a study from the German-Austrian acute myeloid leukemia study
group. J Clin Oncol 2011 Jul 1;29(19):2709-2716.

96. Schuurhuis GJ, Heuser M, Freeman S, Bene MC, Buccisano F, Cloos J, et al. Minimal/measurable residual
disease in AML: a consensus document from the European LeukemiaNet MRD Working Party. Blood 2018 Mar
22:131(12):1275-1291.

97. Jongen-Lavrencic M, Grob T, Kavelaars FG, Al Hinai, Adil S. A., Zeilemaker A, Erpelinck-Verschueren C, et al.
Prospective Molecular MRD Detection By NGS: A Powerful Independent Predictor for Relapse and Survival in Adults
with Newly Diagnosed AML. Blood 2017;130:5.

98. British Committee for Standards in Haematology, Milligan DW, Grimwade D, Cullis JO, Bond L, Swirsky D, et al.
Guidelines on the management of acute myeloid leukaemia in adults. Br J Haematol 2006 Nov;135(4):450-474.

99. Oliansky DM, Appelbaum F, Cassileth PA, Keating A, Kerr J, Nieto Y, et al. The role of cytotoxic therapy with
hematopoietic stem cell transplantation in the therapy of acute myelogenous leukemia in adults: an evidence-based
review. Biol Blood Marrow Transplant 2008 Feb;14(2):137-180.

www.albertahealthservices.ca

Page 38 of 45



.‘. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

100. Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ, Walsh TJ, et al. Posaconazole vs. fluconazole or
itraconazole prophylaxis in patients with neutropenia. N Engl J Med 2007 Jan 25;356(4):348-359.

101. Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, Calandra T, et al. 2002 Guidelines for the use of
Antimicrobial Agents in Neutropenic Patients with Cancer. Clin Infect Dis 2002 Mar 15;34(6):730-751.

102. Mrozek K, Marcucci G, Nicolet D, Maharry KS, Becker H, Whitman SP, et al. Prognostic significance of the
European LeukemiaNet standardized system for reporting cytogenetic and molecular alterations in adults with acute
myeloid leukemia. J Clin Oncol 2012 Dec 20;30(36):4515-4523.

103. Weick JK, Kopecky KJ, Appelbaum FR, Head DR, Kingsbury LL, Balcerzak SP, et al. A randomized investigation
of high-dose versus standard-dose cytosine arabinoside with daunorubicin in patients with previously untreated acute
myeloid leukemia: a Southwest Oncology Group study. Blood 1996 Oct 15;88(8):2841-2851.

104. Bishop JF, Matthews JP, Young GA, Bradstock K, Lowenthal RM. Intensified induction chemotherapy with high
dose cytarabine and etoposide for acute myeloid leukemia: a review and updated results of the Australian Leukemia
Study Group. Leuk Lymphoma 1998 Jan;28(3-4):315-327.

105. Petersdorf SH, Rankin C, Head DR, Terebelo HR, Willman CL, Balcerzak SP, et al. Phase Il evaluation of an
intensified induction therapy with standard daunomycin and cytarabine followed by high dose cytarabine for adults
with previously untreated acute myeloid leukemia: a Southwest Oncology Group study (SWOG-9500). Am J Hematol
2007 Dec;82(12):1056-1062.

106. Schlenk RF, Dohner K, Krauter J, Frohling S, Corbacioglu A, Bullinger L, et al. Mutations and treatment outcome
in cytogenetically normal acute myeloid leukemia. N Engl J Med 2008 May 1;358(18):1909-1918.

107. Bloomfield CD, Lawrence D, Byrd JC, Carroll A, Pettenati MJ, Tantravahi R, et al. Frequency of prolonged
remission duration after high-dose cytarabine intensification in acute myeloid leukemia varies by cytogenetic subtype.
Cancer Res 1998 Sep 15;58(18):4173-4179.

108. Byrd JC, Ruppert AS, Mrozek K, Carroll AJ, Edwards CG, Arthur DC, et al. Repetitive cycles of high-dose
cytarabine benefit patients with acute myeloid leukemia and inv(16)(p13g22) or t(16;16)(p13;922): results from
CALGB 8461. J Clin Oncol 2004 Mar 15;22(6):1087-1094.

109. Cassileth PA, Lynch E, Hines JD, Oken MM, Mazza JJ, Bennett JM, et al. Varying intensity of postremission
therapy in acute myeloid leukemia. Blood 1992 Apr 15;79(8):1924-1930.

110. Sawler D, Sanford D, Brandwein JM, Sandhu |, Hogge D, Saini L. Two Cycles of Consolidation Chemotherapy
Are Associated with Similar Clinical Outcomes to Three Cycles in AML Patients with Favorable Risk Cytogenetics.
Blood 2017;130:464.

111. Hills RK, Castaigne S, Appelbaum FR, Delaunay J, Petersdorf S, Othus M, et al. Addition of gemtuzumab

ozogamicin to induction chemotherapy in adult patients with acute myeloid leukaemia: a meta-analysis of individual
patient data from randomised controlled trials. Lancet Oncol 2014 Aug;15(9):986-996.

- . www.albertahealthservices.ca

Page 39 of 45



.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

112. Zittoun RA, Mandelli F, Willemze R, de Witte T, Labar B, Resegotti L, et al. Autologous or allogeneic bone
marrow transplantation compared with intensive chemotherapy in acute myelogenous leukemia. European
Organization for Research and Treatment of Cancer (EORTC) and the Gruppo Italiano Malattie Ematologiche
Maligne dell'Adulto (GIMEMA) Leukemia Cooperative Groups. N Engl J Med 1995 Jan 26;332(4):217-223.

113. Cassileth PA, Harrington DP, Appelbaum FR, Lazarus HM, Rowe JM, Paietta E, et al. Chemotherapy compared
with autologous or allogeneic bone marrow transplantation in the management of acute myeloid leukemia in first
remission. N Engl J Med 1998 Dec 3;339(23):1649-1656.

114. Visani G, Olivieri A, Malagola M, Brunori M, Piccaluga PP, Capelli D, et al. Consolidation therapy for adult acute
myeloid leukemia: a systematic analysis according to evidence based medicine. Leuk Lymphoma 2006
Jun;47(6):1091-1102.

115. Sierra J, Martino R, Sanchez B, Pinana JL, Valcarcel D, Brunet S. Hematopoietic transplantation from adult
unrelated donors as treatment for acute myeloid leukemia. Bone Marrow Transplant 2008 Mar;41(5):425-437.

116. Moore J, Nivison-Smith I, Goh K, Ma D, Bradstock K, Szer J, et al. Equivalent survival for sibling and unrelated
donor allogeneic stem cell transplantation for acute myelogenous leukemia. Biol Blood Marrow Transplant 2007
May;13(5):601-607.

117. Burnett AK, Milligan D, Prentice AG, Goldstone AH, McMullin MF, Hills RK, et al. A comparison of low-dose
cytarabine and hydroxyurea with or without all-trans retinoic acid for acute myeloid leukemia and high-risk
myelodysplastic syndrome in patients not considered fit for intensive treatment. Cancer 2007 Mar 15;109(6):1114-
1124.

118. Dombret H, Seymour JF, Butrym A, Wierzbowska A, Selleslag D, Jang J. Results of a phase 3, multicenter,
randomized, open-label study of azacitidine (AZA) vs conventional care regimens (CCR) in older patients with newly
diagnosed acute myeloid leukemia (AML). 2014(99(Suppl. 1):Abstract LB-6212).

119. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, Santini V, Gattermann N, Germing U, et al. Azacitidine prolongs
overall survival compared with conventional care regimens in elderly patients with low bone marrow blast count acute
myeloid leukemia. J Clin Oncol 2010 Feb 1;28(4):562-569.

120. Kornblith AB, Herndon JE,2nd, Silverman LR, Demakos EP, Odchimar-Reissig R, Holland JF, et al. Impact of
azacytidine on the quality of life of patients with myelodysplastic syndrome treated in a randomized phase Il trial: a
Cancer and Leukemia Group B study. J Clin Oncol 2002 May 15;20(10):2441-2452.

121. Déhner H, Seymour JF, Butrym A, Wierzbowska A, Selleslag D, Jang JH, et al. Overall Survival in Older Patients
with Newly Diagnosed Acute Myeloid Leukemia (AML) with >30% Bone Marrow Blasts Treated with Azacitidine By
Cytogenetic Risk Status: Results of the AZA-AML-001 Study. Blood 2014;124(21):621.

122. Vidaza ®. Vidaza EPAR-Product Information. Available at: http://www.ema.europa.eu/docs/en GB/document
library/EPAR_-_Product_Information/human/000978/WC500050239.pdf. Accessed June 21, 2019.

www.albertahealthservices.ca

Page 40 of 45


http://www.ema.europa.eu/docs/en_GB/document_

.'. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

123. Gupta V, Chun K, Yi QL, Minden M, Schuh A, Wells R, et al. Disease biology rather than age is the most
important determinant of survival of patients > or = 60 years with acute myeloid leukemia treated with uniform
intensive therapy. Cancer 2005 May 15;103(10):2082-2090.

124. Stone RM, Berg DT, George SL, Dodge RK, Paciucci PA, Schulman PP, et al. Postremission therapy in older
patients with de novo acute myeloid leukemia: a randomized trial comparing mitoxantrone and intermediate-dose
cytarabine with standard-dose cytarabine. Blood 2001 Aug 1;98(3):548-553.

125. Goldstone AH, Burnett AK, Wheatley K, Smith AG, Hutchinson RM, Clark RE, et al. Attempts to improve
treatment outcomes in acute myeloid leukemia (AML) in older patients: the results of the United Kingdom Medical
Research Council AML11 trial. Blood 2001 Sep 1;98(5):1302-1311.

126. Rowe JM, Neuberg D, Friedenberg W, Bennett JM, Paietta E, Makary AZ, et al. A phase 3 study of three
induction regimens and of priming with GM-CSF in older adults with acute myeloid leukemia: a trial by the Eastern
Cooperative Oncology Group. Blood 2004 Jan 15;103(2):479-485.

127. Baz R, Rodriguez C, Fu AZ, Jawde RA, Kalaycio M, Advani A, et al. Impact of remission induction chemotherapy
on survival in older adults with acute myeloid leukemia. Cancer 2007 Oct 15;110(8):1752-1759.

128. Tawfik B, Sliesoraitis S, Lyerly S, Klepin HD, Lawrence J, Isom S, et al. Efficacy of the hypomethylating agents
as frontline, salvage, or consolidation therapy in adults with acute myeloid leukemia (AML). Ann Hematol 2014
Jan;93(1):47-55.

129. Weinberg OK, Arber DA. Mixed-phenotype acute leukemia: historical overview and a new definition. Leukemia
2010 Nov;24(11):1844-1851.

130. Matutes E, Pickl WF, Van't Veer M, Morilla R, Swansbury J, Strobl H, et al. Mixed-phenotype acute leukemia:
clinical and laboratory features and outcome in 100 patients defined according to the WHO 2008 classification. Blood
2011 Mar 17;117(11):3163-3171.

131. Grossmann V, Haferlach C, Nadarajah N, Fasan A, Weissmann S, Roller A, et al. CEBPA double-mutated acute
myeloid leukaemia harbours concomitant molecular mutations in 76.8% of cases with TET2 and GATA2 alterations
impacting prognosis. Br J Haematol 2013 Jun;161(5):649-658.

132. Holmes R, Keating MJ, Cork A, Broach Y, Trujillo J, Dalton WT,Jr, et al. A unique pattern of central nervous
system leukemia in acute myelomonocytic leukemia associated with inv(16)(p13g22). Blood 1985 May;65(5):1071-
1078.

133. Shihadeh F, Reed V, Faderl S, Medeiros LJ, Mazloom A, Hadziahmetovic M, et al. Cytogenetic profile of patients
with acute myeloid leukemia and central nervous system disease. Cancer 2012 Jan 1;118(1):112-117.

134. How J, Minden MD, Brian L, Chen EX, Brandwein J, Schuh AC, et al. A phase | trial of two sequence-specific
schedules of decitabine and vorinostat in patients with acute myeloid leukemia. Leuk Lymphoma 2015;56(10):2793-
2802.

www.albertahealthservices.ca

Page 41 of 45



.‘. Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
. Version 6
B Services

135. Lee EJ, Van Echo DA, Egorin MJ, Nayar MS, Shulman P, Schiffer CA. Diaziquone given as a continuous
infusion is an active agent for relapsed adult acute nonlymphocytic leukemia. Blood 1986 Jan;67(1):182-187.

136. Sanders KE, Ha CS, Cortes-Franco JE, Koller CA, Kantarjian HM, Cox JD. The role of craniospinal irradiation in
adults with a central nervous system recurrence of leukemia. Cancer 2004 May 15;100(10):2176-2180.

137. Mayadev JS, Douglas JG, Storer BE, Appelbaum FR, Storb R. Impact of cranial irradiation added to intrathecal
conditioning in hematopoietic cell transplantation in adult acute myeloid leukemia with central nervous system
involvement. Int J Radiat Oncol Biol Phys 2011 May 1;80(1):193-198.

138. Castaigne S, Pautas C, Terre C, Raffoux E, Bordessoule D, Bastie JN, et al. Effect of gemtuzumab ozogamicin
on survival of adult patients with de-novo acute myeloid leukaemia (ALFA-0701): a randomised, open-label, phase 3
study. Lancet 2012 Apr 21;379(9825):1508-1516.

139. Burnett AK, Russell NH, Hills RK, Kell J, Freeman S, Kjeldsen L, et al. Addition of gemtuzumab ozogamicin to
induction chemotherapy improves survival in older patients with acute myeloid leukemia. J Clin Oncol 2012 Nov
10;30(32):3924-3931.

140. Burnett AK, Hills RK, Milligan D, Kjeldsen L, Kell J, Russell NH, et al. Identification of patients with acute
myeloblastic leukemia who benefit from the addition of gemtuzumab ozogamicin: results of the MRC AML15 trial. J
Clin Oncol 2011 Feb 1;29(4):369-377.

141. Delaunay J, Recher C, Pigneux A, Witz F, Vey N, Blanchet O, et al. Addition of Gemtuzumab Ozogamycin to
Chemotherapy Improves Event-Free Survival but Not Overall Survival of AML Patients with Intermediate Cytogenetics
Not Eligible for Allogeneic Transplantation. Results of the GOELAMS AML 2006 IR Study. Blood 2011;118(21):79.

142. Lancet JE, Uy GL, Cortes JE, Newell LF, Lin TL, Ritchie EK, et al. Final results of a phase Ill randomized trial of
CPX-351 versus 7+3 in older patients with newly diagnosed high risk (secondary) AML. JCO 2016;34(15):7000.

143. Lancet JE, Cortes JE, Hogge DE, Tallman MS, Kovacsovics TJ, Damon LE, et al. Phase 2 trial of CPX-351, a
fixed 5:1 molar ratio of cytarabine/daunorubicin, vs cytarabine/daunorubicin in older adults with untreated AML. Blood
2014 May 22;123(21):3239-3246.

144. Cortes JE, Kantarjian H, Foran JM, Ghirdaladze D, Zodelava M, Borthakur G, et al. Phase | study of quizartinib
administered daily to patients with relapsed or refractory acute myeloid leukemia irrespective of FMS-like tyrosine
kinase 3-internal tandem duplication status. J Clin Oncol 2013 Oct 10;31(29):3681-3687.

145. Perl AE, Altman JK, Cortes JE, Smith CC, Litzow M, Baer MR, et al. Final Results of the Chrysalis Trial: A First-
in-Human Phase 1/2 Dose-Escalation, Dose-Expansion Study of Gilteritinib (ASP2215) in Patients with
Relapsed/Refractory Acute Myeloid Leukemia (R/R AML). Blood 2016;128(22):1069.

146. Stein EM, DiNardo CD, Pollyea DA, Fathi AT, Roboz GJ, Altman JK, et al. Enasidenib in mutant IDH2 relapsed
or refractory acute myeloid leukemia. Blood 2017 Aug 10;130(6):722-731.

147. Stein EM, DiNardo CD, Pollyea DA, Fathi AT, Roboz GJ, Altman JK, et al. Enasidenib in mutant IDH2 relapsed
or refractory acute myeloid leukemia. Blood 2017 Aug 10;130(6):722-731.

www.albertahealthservices.ca

Page 42 of 45



... Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
= Version 6
B Services

148. Wei AH, Strickland SA,Jr, Hou JZ, Fiedler W, Lin TL, Walter RB, et al. Venetoclax Combined With Low-Dose
Cytarabine for Previously Untreated Patients With Acute Myeloid Leukemia: Results From a Phase Ib/ll Study. J Clin
Oncol 2019 May 20;37(15):1277-1284.

149. DiNardo CD, Pratz K, Pullarkat V, Jonas BA, Arellano M, Becker PS, et al. Venetoclax combined with decitabine
or azacitidine in treatment-naive, elderly patients with acute myeloid leukemia. Blood 2019 Jan 3;133(1):7-17.

150. Konopleva M, Pollyea DA, Potluri J, Chyla BJ, Busman T, McKeegan E, et al. A Phase 2 Study of ABT-199
(GDC-0199) in Patients with Acute Myelogenous Leukemia (AML). Blood 2014;124(21):118.

151. Stein EM, Garcia-Manero G, Rizzieri DA, Savona M, Tibes R, Altman JK, et al. The DOTLL Inhibitor EPZ-5676:
Safety and Activity in Relapsed/Refractory Patients with MLL-Rearranged Leukemia. Blood 2014;124(21):387.

152. Muller-Tidow C, Bug G, Lubbert M, Kramer A, Krauter J, Valent P, et al. A randomized, open-label, phase I/l trial
to investigate the maximum tolerated dose of the Polo-like kinase inhibitor Bl 2536 in elderly patients with
refractory/relapsed acute myeloid leukaemia. Br J Haematol 2013 Oct;163(2):214-222.

153. Dohner H, Lubbert M, Fiedler W, Fouillard L, Haaland A, Brandwein JM, et al. Randomized, phase 2 trial of low-
dose cytarabine with or without volasertib in AML patients not suitable for induction therapy. Blood 2014 Aug
28;124(9):1426-1433.

www.albertahealthservices.ca

Page 43 of 45



... Alberta Health CLINICAL PRACTICE GUIDELINE LYHE-006
= Version 6
B Services

APPENDIX A: CHEMOTHERAPY REGIMENS

7&3

e Cytarabine 200 mg/m?/dcontinuous infusion days 1-7(consider 100 mg/m?#d if age >60)
e Idarubicin 12 mg/m? or daunorubicin 60 mg/m?/d days 1-3

NOVE

e Mitoxantrone 10 mg/m?/d days 1-5
e Etoposide 100 mg/m?/d days 1-5

NOVE-HIiDAC

e Mitoxantrone 10 mg/m?/d days 1-5
e Etoposide 100 mg/m?/d days 1-5
e Cytarabine 1.5 g/m?(1.0 g/m? if >age 60) every 12 hours on days 6-7.

FLAG-Ida

Fludarabine 30 mg/m?/d days 1-5
Cytarabine 2 g/m?/d days 1-5
Idarubicin 8 mg/m?/d days 1-3
G-CSF 300 um s/c od starting day 7

HiDAC

e Cytarabine 3 g/m? every 12 hours on days 1, 3 and 5

Intermediate Dose Cytarabine

e Cytarabine 1 g/m? every 12 hours on days 1, 3 and 5
Azacitidine

Azacitidine 75mg/m? s/c days 1-7 or days 1-5, 8,9
Low Dose Cytarabine

Cytarabine 20 mg s/c days 1-10 g 4-5 weeks
Cytarabine 40 mg s/c days 1-10 g 4-5 weeks
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APPENDIX B: ECOG PERFORMANCE STATUS!¢
Table B1. ECOG (Eastern Cooperative Oncology Group) performance status

SCORE | DESCRIPTION

0 Fully active, able to carry on all pre-disease activities without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature
(e.g. light housework, office work)

2 Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than 50% of
waking hours.

3 Capable of only limited self-care. Confined to be or chair more than 50% of waking hours.

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair.
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