
Acute Myeloid Leukemia

Richard M Stone, MD
Chief of Staff
Director, Translational Research, Leukemia Division, Medical Oncology
Dana-Farber Cancer Institute
Professor of Medicine
Harvard Medical School
Boston, MA



Disclosures- Richard M. Stone,  MD
• Consulting relationships past three years:

– AbbVie*; Actinium, Agios*; Amgen; Argenix
(DSMB); Arog*; Astellas; AztraZenaca; Biolinerx, 
Celgene (includes DSMB and steering committee); 
Fujifilm, Janssen; Juno; Macrogen-ics; Novartis*; 
Ono; Orsenix; Pfizer; Roche; Stemline, Sumitomo; 
Takeda (DSMB), Trovagene

– * denotes support to my institution for clinical 
trials on which I was local PI

• Securities, employment, promotional activities, 
intellectual property, gifts, grants
– None

2



Acute Myeloid Leukemia
• AML

– Biology and Epidemiology
– Endpoints and MRD
– Integrating New Therapies into Rx Algorithms

• Acute Promyelocytic Leukemia
• Younger adults-new dx

– Midostaurin ( +chemo in mutant FLT3 upfront)
– Gemtuzumab ( + chemo in CD33+ upfront)

• Older Adults-new dx
– CPX-351 ( upfront secondary)
– Venetoclax +low dose chemo  (upfront, unfit)

• Relapsed Disease
– Gilteritinib ( single agent R/R FLT3 mutant)
– Enasidenib/( ivosidenib) ( R/R IDH2 (1) mutant)



AML: What is it and how did it get there?
• Unbridled proliferation of hematopoietic stem cells 

(myeloid lineage) resulting in marrow failure and patient 
death unless successfully treated

• Risk factors: AGE, prior chemo for other cancers, ionizing 
radiation, industrial solvents (last 3 probably <10% of 
incidence=15K new US cases annually); unusual but 
kindreds exist w germ-line mutations in >10 genes



Key Points from de novo AML Genome Atlas
9 key categories:

transcription-factor fusions (18%)
nucleophosmin (NPM1) (27%)
tumor-suppressor genes (16%)
DNA-methylation–related genes 
(44%)
signaling genes (59%)
chromatin-modifying genes 
(30%)
myeloid transcription-factor 
genes (22%)
spliceosome-complex genes 
(14%)
Cohesin complex (15%)

The Cancer Genome Atlas Research Network
NEJM 2013; 368:2059-2074.

Döhner H et al, NEJM 2015; 373:1136-1152



Genomic Classification and Prognosis in AML

Papaemmanuil E et al. NEJM. 2016;374:2209-2221.



Current Risk Assessment in AML 

Key Prognostic Data in AML in 2019

Patient age ( FH, bleeding hx; ?Therapy related; ?Prior MDS)

Cytogenetics / fusion mRNA ( screen for APL, MLL, Ph+, CBF)

Multiparameter flow

Molecular studies:

• FLT3 ITD (internal tandem duplication) 
mutation Unfavorable

• NPM1 mutation Favorable
• CEBPA biallelic mutation Favorable
• RUNX1, TP53, ASXL1 ( ? KIT in CBF) Unfavorable

Of Future Importance:  mutation status of IDH1/2, DNMT3A, TET2, etc.  



New European Leukemia Net (ELN) 2017:Genetic-Cytogenetic Prognostic SubgroupsGenetic Risk 
Group

Frequenc
y Survival Subset

Favorable 15% 65%

• t(8;21)(q22;q22); RUNX1-RUNX1T1
• inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-
MYH11
• Mutated NPM1 without FLT3-ITD or FLT3-ITD low

• Biallelic Mutated CEBPA 

Intermediate 55% 50%

• Mutated NPM1 and FLT3-ITD high

• Wild-type NPM1 without FLT3-ITD or FLT3-ITD 
low (without adverse-risk genetic lesions)
• Wild-type NPM1 and FLT3-ITD (normal 
karyotype)
• t(9;11)(p22;q23); MLLT3-MLL
• Any cytogenetics not classified as favorable or 
adverse

Adverse 30% 20%

• t(6;9)(p23;q34); DEK-NUP214
• t(v;11)(v;q23); MLL (KMT2A) rearranged
• Inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1 
(GATA2, MECOM (EVI1)
• t(9;22)(q34.1;q11.2) BCR-ABL1
• Monosomy 5 or del(5q); monosomy 7; 
monosomy 17; abnormal 17p
• Complex karyotype(≥ 3 abnormalities) or 
monosomal karyotype
• Wild-type NPM1 and FLT3-ITD high

• Mutated RUNX1
• Mutated ASXL1
• Mutated TP53

Döhner H et al, Blood 2017; 129(4):424-447

ELN 2017



AML: General Treatment 
Principles

• Goal 1:   Induction therapy to reduce 
gross leukemia to undetectable levels (2-3 
log cell kill); to achieve CR ( no AML, nl
CBC)

• Goal 2:  Reduce 109 - 1010 cells, 
undetectable by standard means, present 
at CR, to a level low enough to achieve 
prolonged disease-free survival (‘cure’)



AML: Key Endpoints
• Overall survival (OS)
• Event-free survival (event= no CR, 

relapse, death)
– Somewhat correlated with OS
– Has intrinsic value to pts: when no event 

they are in CR with acceptable counts

• Complete remission ( CR)
– CR with incomplete plt ( or ANC) recovery 

has value
– CR at MRD negative level has most value !



The MRD concept. x-axis represents time; y-axis represents tumor burden.

Hokland P , Ommen H B Blood 2011;117:2577-2584

©



How can we quantitate AML?
• Morphologically: 1 in 20

– insensitive
• Cytogenetically (metaphase) 1 in 20
• Cytogenetically (interphase) 1 in 100
• Multiparameter flow 1 in 10,000
• PCR based 1 in 10,000



MRD Based on PCR for Mutant NPM1 in Peripheral Blood After the Second Cycle of 
Chemotherapy Independently Predicts Clinical Outcomes

MRD = minimal residual disease; PCR = polymerase 
chain reaction.

Ivey A et al. N Engl J Med. 2016;374:422-433.



NGS-based detection of MRD also useful

• Jongen-Laurencic, M,  et al NEJM 378:1189-1199, 
2018 (Hovon-SAKK)
– Age 18-65 AML, NGS at dx and relapse ( N-482, 430 

had at least one mutation at dx)
– Persistence of DNMT3A, TET2, ASXL1 (DTA [CHIP-

like, see Steensma, D et al, Blood , NEJM]) didn’t carry 
risk, others did
• MRD ( non DTA) by NGS: 55 v 32% RR, 43 v 66% 

OS
• Flow-based MRD was additive

– If you were pos by both- worst, but either one pos- worse 
than neither



Rate of Relapse According to Results of Next-Generation Sequencing and Multiparameter Flow 
Cytometry.

Jongen-Lavrencic M et al. N Engl J Med 2018;378:1189-1199



Treatment of Acute Promyelocytic Leukemia
Key Principles of APL Management

Suspect the disease!
• Risk of death is greatest in the first two weeks after diagnosis, especially if 

ATRA initiation is delayed…
• So, if the clinical setting suggests the possibility of APL (e.g., clefted blasts, 

strong CD33+, DIC) do not wait for molecular confirmation to start ATRA
Document disease 

• Use cytogenetics or FISH for t(15;17), or RT-PCR for PML-RARA fusion
• Variant translocations are rare, but important to know about, since several do 

not respond to ATRA
Assess risk

• If WBC >10 x 109/L: high risk
• If WBC ≤10 x 109/L: standard risk (lowest risk if platelets also >40 x 109/L)

Is the patient an anthracycline candidate?



Acute Promyelocytic Leukemia
Low/intermediate risk patients
(WBC ≤10 x 109/L, AGE 16-70) 

ATO

ATRA
+

R

Chemotherapy

ATRA
+

APL 0406 Study

LoCoco et al (NEJM 2013)
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Months from diagnosis

98.7%
91.1%

p = 0.02
ATRA+ATO
ATRA+Chemo

Overall Survival

LoCoco et al (Abs #6), ASH 2012



Management of APL

Suspect APL based on:
1.Presence of DIC
2.Atypical promyelocytes
3.Flow Negative for HLA-DR

Start ATRA while 
waiting for cytogenetic 
and/or molecular 
confirmation

No t(15;17) 
or
No PML-
RARa
Stop ATRA
Treat AML

APL 
confirmed

High Risk APL 
(Options)
-ATRA/ATO + GO (if 
available)
-ATRA/ATO + ida
(MRC, Australian)
-Follow CALGB 9710

Low/Int Risk APL
No QTc prolongation
ATRA plus ATO
Prednisone for 
prophylaxis
Hydrea if WBC rises > 
10K



AML Therapy for Patients Age <60 Years:
• INDUCTION

• Daunorubicin 60-90 mg/m2/d x 3 ( or ida 12 mg/m2/d x3)
Cytarabine 100-200 mg/m2/d x 7 continuous infusion

• Midostaurin 50 mg bid day 8-21 for mut FLT3
• ? Add GO 3 mg/m2 d 1, 4, and 7, esp in CBF
• CPX-351, d 1, 3, and 5 for h/o MDS, MDS-type cytogenetics
• Decitabine 20 mg/m2 x 10d +venetoclax 400 mg/d: TP53

• POST-REMISSION
• CBF: High dose ara-C 3 g/m2/3h q12h d1, 3, and 5 x 4 cycles
• NPM1 mut/FLT3 WT: as above, ex ? 1.5 g/m2
• Adverse risk:  Allo SCT w best available donor
• Intermediate risk: AlloSCT if Sib or MUD, otherwise as per 

NPM1 mut/FLT3 WT
.
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3 g/m2 = 156

400 mg/m2  = 156

100 mg/m2 = 155

P = 0.0007

3 g/m2 = 31

400 mg/m2 = 50

100 mg/m2 = 48

P = 0.22

Consolidation: DFS (and OS) Benefit Only in 
Patients < 60 Years Receiving High-Dose Ara-C

Patients with CBF cytogenetics or 
RAS mutations benefitted most 
from HiDAC

Bloomfield CD, et al. Cancer Res.1998;58(18):4173-4179; Neubauer  A, et al. J Clin Oncol. 2008; 26(28):4603-4609; 

Mayer  RJ, et al. N Engl J Med. 1994;33(1):896-903.



Litzow MR. Blood. 2005;106:3331-3332.

FLT3 Structure and Activating 
Mutations

Over-
expression is 
common

25-30%

5-10%

Both 
mutations 
cause spont 
dimerization,

ligand 
independent 
growth, and 
MPD in 
murine model



CALGB 10603: Prospective Phase III, double-blinded 
randomized study of induction and consolidation 

+/- Midostaurin (PKC412) in newly diagnosed patients 
< 60 years old with FLT3 mutated AML
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MAINTENANCE
12 months
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MAINTENANCE
12 months

FLT3
ITD
or
TKD

Not on STUDY:
FLT3 WILD TYPE

X 4

X 4

CR

CR

Study drug is given on Days 8-21 after each course 
of chemotherapy, and Days 1-28 (note change) of each 28 day 
Maintenance cycle.



Protocol Therapy

• Transplant not specifically mandated

Induction
(2nd cycle given based 
on d21 marrow)

daunorubicin 60 mg/m2 IVP days 1-3

cytarabine 200 mg/m2/d d 1-7 via IVCI

midostaurin 50 mg po bid  days 8-21
or placebo

Consolidation
(up to 4 cycles)

cytarabine 3 gm/m2 over 3h q 12h 
days 1, 3, and 5

midostaurin 50 mg po bid days 8-21
or placebo

Maintenance midostaurin 50 mg po bid
or placebo days 1-28 x 12 cycles

Stone R, et al. Blood. 2015;126: Abstract 6.



Consort Diagram
Activated May 2008; completed accrual: 

Oct 2011 Screened 3279 patients
Total FLT3(+): N = 887 (27% of screened)

Total randomized: N = 717 (81% of FLT3(+))

Midostaurin (MIDO), N = 360 Placebo (PBO), N = 357

Induction 1, N = 355 Induction 1, N = 354

Consolidation, N = 231

Maintenance, N = 120

Consolidation, N = 210

Maintenance, N = 85

Induction 2, N = 81 Induction 2, N = 101

Stone RM, et al. Blood. 2015;126: Abstract 6.



Overall Survival (Primary Endpoint)
23% Reduced Risk of Death in the MIDO Arm

• Median OS: MIDO 74.7 (31.7-NE); PBO 25.6 (18.6-42.9) months
NE, not estimable
*Controlled for FLT3 subtype (TKD, ITD-Low, ITD-High)

Arm 4-year Survival

MIDO 51.4% (95%CI: 46, 57)
PBO 44.2% (95%CI: 39, 50)

+ Censor

Hazard Ratio*: 0.77
1-sided log-rank P value*: .0074

Stone RM, et al. Blood. 2015;126: Abstract 6.



Overall Survival: Post-Transplant
Treatment With MIDO Increases OS After SCT in CR1

+ Censor

SCT in CR1
HR 0.61

SCT outside CR1
HR 0.98

Midostaurin Placebo

Stone RM, et al. Blood. 2015;126: Abstract 6.



ARO-021: Phase III Comparison of Crenolanib with Midostaurin
in Combination with Chemotherapy

28

R
1:1Newly dxd

FLT3 mutated 
AML

Eligibility N=510
Cytarabine/

Daunorubicin
+

Crenolanib

Consolidation 
+ 

Crenolanib

Crenolanib
Maintenance

Cytarabine/
Daunorubicin

+
Midostaurin

Consolidation 
+ 

Midostaurin

Midostaurin
Maintenance

Secondary Endpoints
• Overall survival
• Relapse-free survival
• Composite complete remission rate
• Duration of response

Primary Endpoint
• Event-free survival



Mylotarg
(gemtuzumab ozogamicin)

Mechanism of Action 

Mylotarg/CD33 
complex

is internalized

Mylotarg recognizes and 
binds to CD33, 

expressed on AML cells

Calicheamicin is released 
causing DNA 

double-strand breaks/cell 
death

AML=Acute Myeloid Leukemia; DNA=Deoxyribonucleic Acid

CD33

Anti-CD33
Antibody

Linker

N-Acetyl Gamma 
Calicheamicin

CD33 
expressed on 
blasts in 90% 
of pts


Module 1: Background


Including AML Disease State Background and 
Mylotarg MOA and Regulatory History

Gemtuzumab Ozogamicin (Mylotarg®) 
Core Medical Slide Deck

Note for the User:  The current version of this slide deck is based upon data that was publically available through the end of November, 2016 as well as some selected high-impact presentations from ASH 2016 (first week of December)

These slides have been approved by Global Medical Affairs, Pfizer Oncology, for internal use only. Slides from this deck can be used for external medical-to-medical purposes (not by Commercial colleagues); should you wish to do so, 
it is your responsibility to ensure local RC approval is obtained.
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Acute Myeloid Leukemia (AML)
 Disease State Background
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Overview

AML Disease State Background

BACK TO CONTENTS
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Clinically and genetically heterogeneous group of malignancies1 

Characterized by a rapid increase and accumulation of abnormal myeloblasts in a person's bone marrow and blood2,3



Homogeneous infiltrate of AML cells effacing core biopsy section



Acute Myeloid Leukemia (AML)

AML, acute myeloid leukemia.

1. Kumar CC. Genes Cancer. 2011;2(2):95-107; 2. Showel MM, Levis M. F1000Prime Rep. 2014;6:96; 3. Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117; 4. Foucar K et al. Acute Myeloid Leukemia. In: Foucar K, Reichard K, Czuchlewski D. Bone Marrow Pathology. Vol 2. 3rd ed. Chicago, IL: ASCP Press; 2010:377-423.

Prominent myeloid and monocytic maturation along with profound anemia and thrombocytopenia

Bone Marrow Core Biopsy Section, Patient with AML4

Peripheral Blood Smear, 
Patient with AML4
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Foucar K, Reichard K, Czuchlewski D. Acute Myeloid Leukemia. In: Foucar K, Reichard K, Czuchlewski D. Bone Marrow Pathology. Vol 2. 3rd ed. Chicago, IL: ASCP Press; 2010:377-423
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Pathophysiology of AML

Maturational arrest of bone marrow cells in earliest stages of development1,2

Immature cells exhibit1,2

Proliferation and survival advantages

Impaired differentiation

Unlimited 
self-renewal

AML, acute myeloid leukemia.

1. Grove CS, Vassiliou GS. Dis Model Mech. 2014;7(8):941-951; 2. Schlenk R. F., Döhner H. (2013). Hematology Am. Soc. Hematol. Educ. Program 2013, 324–330; 3. Seattle Cancer Care Alliance, available at http://www.seattlecca.org/diseases/leukemia-facts.cfm.









AML can result from an accumulation of abnormalities within clones from either of these types of cells



Hematopoietic Cell Lineage Ontogeny3
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Clinical Manifestations of AML

AML, acute myeloid leukemia.

American Cancer Society. Leukemia–Acute Myeloid (Myelogenous). 
Available at http://www.cancer.org/acs/groups/cid/documents/webcontent/003110-pdf.pdf. Accessed Oct 19, 2015.

		Generalized Symptoms		Cytopenias and Symptoms Related to Low Blood Cell Counts		Symptoms Related to High Number of Leukemia Cells		Other Symptoms

		Weight loss
Fatigue
Fever
Night sweats 
Loss of appetite		Anemia
Fatigue
Weakness
Feeling cold
Dizziness,
Headaches 
Shortness of breath
Neutropenia & leukopenia
Infections
Bruising
Bleeding
Frequent/severe nosebleeds
Bleeding gums		Leukostasis
Headache
Weakness down one side of the body
Slurred speech
Confusion
Sleepiness
Blurred/loss of vision
Shortness of breath		Clotting problems
Abdominal swelling
Rash
Swollen, painful, 
or bleeding gums
CNS-associated symptoms
Swollen lymph nodes
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Epidemiology of AML

Second-most common leukemia in adult1 and pediatric2 populations

AML, acute myeloid leukemia.

1. American Cancer Society. Cancer Facts & Figures 2015. Atlanta: American Cancer Society; 2015; 2. Puumala SE et al. Pediatr Blood Cancer. 2013;60(5):728-33; 3. Dores GM,et al. Blood. 2012;119(1):34-43; 4. Smith A et al. Br J Cancer. 2011;105(11):1684-169; 5. Siegel RL et al. CA Cancer J Clin. 2015 Jan-Feb;65(1):5-29.; 6. Cheng MJ, et al. J Leuk (Los Angel). 2014;2(2).

Incidence per 100,000 population

Europe: 3.2/100,0004

Incidence

Median age of diagnosis

66 years (United States)6

69 years (United Kingdom)4

United States, 2015 Estimates5



20,830 new cases



10,460 deaths

United States: 3.8/100,0003



‹#›



‹#›



9



United States	3.8	3.2	















































































































Epidemiology of AML (cont’d)

Primarily a disease of the elderly

Small peak in incidence in infants

Exponential increase and larger peak in elderly patients

Incidence rises from 1.7/100,000 years in those <65 to 16/100,000 in those ≥65 years1

AML, acute myeloid leukemia.

1. National Cancer Institute. Surveillance Epidemiology and End Results (SEER). Cancer stat fact sheets. http://www.seer.cancer.gov/archive/csr/1975_2008/results_single/sect_13_table.13.pdf. Accessed March 24, 2015. 2. Dores GM,et al. Blood. 2012;119(1):34-43.
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Etiology of AML

AML, acute myeloid leukemia.

1. Østgård L et al. Eur J Haematol. 2010;85(3):217-226; 2. Grove CS, Vassiliou GS. Dis Model Mech. 2014;7(8):941-951; 
3. American Cancer Society. http://www.cancer.org/acs/groups/content/@research/documents/webcontent/acspc-042151.pdf. 
Accessed November 19, 2014; 4. Preiss BS et al;. Cancer Genet Cytogenet. 2010;202(2):108-12.

de novo AML1-4

Most common presentation

Most de novo patients have no identifiable risk factors

Relevant risk factors may include

Preceding hematologic disorder

Familial syndrome

Radiation exposure

Exposure to certain drugs or environmental stimuli
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Etiology of AML

AML, acute myeloid leukemia.

5. Østgård L et al. Eur J Haematol. 2010;85(3):217-226; 6. Grove CS, Vassiliou GS. Dis Model Mech. 2014;7(8):941-951; 
7. Preiss BS et al, Cancer Genet Cytogenet. 2010;202(2):108-12; 8. Rizzieri DA, et al. Cancer. 2009;115(13):2922-9; 
9. Godwin JE et al. Blood. 1998;91(10):3607-15; 10. Borthakur G,et al. Cancer. 2009;115(14):3217-21.

Secondary AML5-10

May evolve from myelodysplastic or myeloproliferative disorders

May arise after chemotherapy

10 to 30% of AML population5,6

More common in elderly patients

Represents a high-risk group compared with de novo AML8-10

Very low remission rates and 
poor survival

de novo AML1-4

Most common presentation

Most de novo patients have no identifiable risk factors

Relevant risk factors may include

Preceding hematologic disorder

Familial syndrome

Radiation exposure

Exposure to certain drugs or environmental stimuli
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AML Is Associated with Specific and
Recurrent Genetic Abnormalities*

* Genetic alterations in AML include mutations, rearrangements, chromosomal translocations, and other events



AML, acute myeloid leukemia; CBF, core binding factor; CN, cytogenetically normal.

Tayyab M, et al. J Cancer Sci Ther. 2014;6: 337-349.

		Mutation		Role of Mutation		Frequency (%)		Co-occurrence with Other Mutations		Prognostic

		NPM1		4 base pair insertion. Mutation in Exon 12 
of gene		45-64% in CN-AML 
2-8% in pediatric AML		FLT3 and IDH1		Controversial

		FLT3-ITD		JM domain of 
Exon 14-15		28-34% in CN-AML
5-10% in age 5-10 yrs
 >35% in adult AML		Rarely coexist with 
FLT3-TKD		Unfavorable

		CEBPA		N- and C- terminal mutation in 
intronless gene		7% in CN-AML		FLT3-ITD		Favorable

		MLL-PTD		Fused Exon 9 and 3		5-10% in CN-AML		FLT3-ITD, CEBPA, NMP1		Unfavorable

		KIT		Gain of function		6-48% in adult AML
17-41% pediatric CBF-AML		Unknown		Unfavorable

		RAS		Point mutations		10-25% of AML cases		Unknown		Controversial

		RUNX1		Translocation, 
point mutation		15-20% of AML cases		Unknown		Controversial

		IDH1/2		Loss of function		~30% in CN-AML cases		NMP1 and CEBPA		Unfavorable

		JAK2		Gain of function		Overall 3.2% in AML cases		KIT and FLT3		Controversial

		EZH2		Transcription of 
pigenetic regulators		21-30% in denovo AML		Unknown		Controversial
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Pathogenesis of AML: Multiple Mutations 
May Be Required for Leukemogenesis

AML, acute myeloid leukemia.

Gilliland DG, Griffin JD. Blood. 2002 ;100(5):1532-4; Kitamura T, et al. Proc Jpn Acad Ser B Phys Biol Sci. 2014;90(10):389-404; 
Tayyab M, et al. J Cancer Sci Ther. 2014;6: 337-349.



Confer proliferative or survival advantage, but do not
affect differentiation



Serve primarily to impair hematopoietic differentiation and subsequent apoptosis

FLT3-ITD, cKit, PDGFR, 
N- or K-Ras mutations, others

Runx 1/AML1, PU1, 

MLL fusions, others

+



Acute Myeloid Leukemia

CLASS I ALTERATIONS

CLASS II ALTERATIONS



 Simplified Model of Cooperation Among Genetic Alterations in AML*

* Genetic alterations in AML include mutations, rearrangements, chromosomal translocations, and other events
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Identifying AML

AML, acute myeloid leukemia.

CT, computerized tomography; MRI, magnetic resonance imaging.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

		History and Physical		Comprehensive evaluation

		Blood tests		Complete blood counts; platelets; clotting time; others

		Bone marrow examination		With cytogenetics and molecular analyses

		Immunophenotyping		To aid in classification, prognosis, treatment decisions

		Genetic testing*		To aid in classification, prognosis, treatment decisions

		Other tests		CT/MRI if neurologic symptoms
Lumbar puncture 
X-rays
Cardiac function tests



Evaluation and Initial Work-up for Suspected AML 
Involves a Number of Tests

* Genetic alterations in AML include mutations, rearrangements, chromosomal translocations, and other events
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French-American-British (FAB) Classification

Common Classification Systems for AML

American Cancer Society. Leukemia–Acute Myeloid (Myelogenous). Available at http://www.cancer.org/acs/groups/cid/documents/webcontent/003110-pdf.pdf.; Accessed Oct 19, 2015; 
Gamal Abdul-Hamid (2011). Classification of Acute Leukemia, Prof. Mariastefania Antica (Ed.), ISBN: 978-953-307-553-2, InTech, Available from: http://www.intechopen.com/books/acute-leukemia-the-scientist-s-perspective-and-challenge/classification-ofacute-leukemia.

World Health Organization (WHO) Classification 

Leukemic blasts evaluated by 
morphology, cytochemistry and immunophenotyping


M0: Undifferentiated acute myeloblastic leukemia

M1: Acute myeloblastic leukemia with minimal maturation

M2: Acute myeloblastic leukemia with maturation

M3: Acute promyelocytic leukemia (APL)

M4: Acute myelomonocyic leukemia 

M4 eos: Acute myelomonocytic leukemia with eosinophilia

M5: Acute monocytic leukemia

M6: Acute erythroid leukemia

M7: Acute megakaryoblastic leukemia



Additional evaluation of blasts by molecular analysis and flow cytometry; better assesses prognosis


AML with certain genetic abnormalities

AML with myelodysplasia-related changes

AML related to previous chemotherapy or radiation

AML not otherwise specified

Myeloid sarcoma

Myeloid proliferations related to Down syndrome

Undifferentiated and biphenotypic acute leukemias
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Treatment of AML

AML Disease State Background

BACK TO CONTENTS
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Treatment of AML

AML, acute myeloid leukemia.

Ravandi F, Kantarjian H. Nat Rev Clin Oncol. 2012;9(6):310-311; Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.

Basic Approach

The basic approach to treating AML has changed little during the last 30 years and relies primarily upon

Chemotherapy

Stem cell transplant



Overall Goals

Restore bone marrow function

Achieve remission

Prevent recurrence
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

Showel MM, Levis M. F1000Prime Rep. 2014;6:96; Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.

Two traditional components in the definitive treatment 
of AML





Induction Phase

Consolidation or Post-Remission Phase

Maintenance/Post-Consolidation Phase

One component with debated value

Basic Approach to Treating AML







?



1

2
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

Schlenk R. F., Döhner H. (2013). Hematology Am. Soc. Hematol. Educ. Program 2013, 324–330; Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.



Induction Phase

Goals

Achieve complete remission 

Clear the bone marrow of all hematopoietic elements

Allow the bone marrow to repopulate with healthy, normal cells

Basic Approach to Treating AML





1
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

Schlenk R. F., Döhner H. (2013). Hematology Am. Soc. Hematol. Educ. Program 2013, 324–330; Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.



Induction Phase

Goals

Achieve complete remission 

Clear the bone marrow of all hematopoietic elements

Allow the bone marrow to repopulate with healthy, normal cells

Standard of care

“7+3” chemotherapy

3 days of an anthracycline

7 days of cytarabine

Can be associated with high rates of treatment-related mortality, particularly among elderly

Basic Approach to Treating AML





1
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

Paietta E. Hematology Am Soc Hematol Educ Program. 2012;2012:35-42; Showel MM, Levis M. F1000Prime Rep. 2014;6:96; Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.



 Consolidation or Post-Remission Phase

Goals

Consolidate gains achieved during induction therapy

Eliminate all remaining disease

Eliminate minimal residual disease 

Reduce the detectable burden of leukemic cells to a level low enough that long-term disease-free survival may be possible

Basic Approach to Treating AML





2
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

Schlenk R. F., Döhner H. (2013). Hematology Am. Soc. Hematol. Educ. Program 2013, 324–330; Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.



Consolidation or Post-Remission Phase

Selection Criteria

Genetic and molecular elements of each person’s disorder

Age, fitness, comorbidities of individual

Common Options

High-dose cytarabine

Particularly effective in young patients with favorable genetics

Hematopoietic stem cell transplant 

Most effective AML treatment

Associated with high-risk for 

Early mortality

Graft-vs-host disease



Basic Approach to Treating AML





2
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.





It is important for patients to emerge from induction in a condition to tolerate subsequent, more intensive consolidation treatment in order to achieve durable disease control





Induction Phase

Consolidation or Post-Remission Phase

Basic Approach to Treating AML





2

1
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Treatment of AML (cont’d)

AML, acute myeloid leukemia.

1. Juliusson G, et al. Blood. 2009;113(18):4179-4187.

It is important for patients to emerge from induction in a condition to tolerate subsequent, more intensive consolidation treatment in order to achieve durable disease control





Induction Phase

Consolidation or Post-Remission Phase

In clinical practice, the proportion of patients considered eligible for intensive definitive therapy decreases sharply with increasing age1





2

1





‹#›



25





Treatment of AML (cont’d)



AML, acute myeloid leukemia.

1. Juliusson G, et al. Blood. 2009;113(18):4179-4187.

2. Medeiros BC et al. Ann Hematol. 2015;94(7):1127-38.





It is important for patients to emerge from induction in a condition to tolerate subsequent, more intensive consolidation treatment in order to achieve durable disease control





Induction Phase

Consolidation or Post-Remission Phase

In clinical practice, the proportion of patients considered eligible for intensive definitive therapy decreases sharply with increasing age1

In 2009, ~50% of AML patients >66 years were untreated after diagnosis despite significant survival benefit associated with anti-leukemia therapy in this population2



2

1
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What About Maintenance Therapy?

Role of maintenance therapy in AML (with the exception of APL) remains controversial1,2

Maintenance chemotherapy 

May prolong DFS and long-term remission1 

Does not generally improve OS1 

Is intense and associated with potential toxicities1,2

Can not replace consolidation therapy1 

Is not necessary to cure AML1

Not routinely used in most centers, especially in younger adults1

Uncertain role for low-dose chemotherapy-based maintenance after intensive consolidation with chemotherapy or transplant -- not adequately investigated1

Non-chemotherapy options under investigation1

Immunotherapy?

Targeted agents?



1. Rowe JM. Hematology Am Soc Hematol Educ Program. 2009:396-405

2. Semochkin S,  Tolstykh T,  Ivanova C, et al. Annals of Oncology . 2014;25 (Supplement 4): iv327 – iv339
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities

Note: poor performance status and comorbid medical conditions, in addition to age, are factors that influence ability to tolerate standard 
induction therapy.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Treatment Induction for Younger/Fit Patients

AML

Age <60 years





Clinical trial (preferred) 

Or

Standard-dose cytarabine 100-200 mg/m2 continuous infusion x 7 days with idarubicin 12 mg/m2 of daunorubicin 60-90 mg/m2 x 3 days (category 1) 

Or

Standard-dose cytarabine 200 mg/m2 continuous infusion x 7 days with daunorubicin 60 mg/m2 x 3 days and cladribine 5 mg/m2 x 5 days (category 1)

Or

High-dose cytarabine (HiDAC) 2 g/m2 every 12 hours x 6 days or 3 g/m2 every 12 hours x 4 days with idarubicin 12 mg/m2 x 3 days (1 cycle) (category 1 for patients ≤45 years, category 2B for other age groups)

Post-induction therapy
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities (cont’d)

Note: all recommendations are category 2A unless otherwise indicated.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Post-Induction Therapy for Younger/Fit Patients (After Standard-Dose Cytarabine)

Follow-up

bone 

marrow

7-10 d after

induction 

completed

Significant
residual disease
without a
hypocellular
marrow

Significant
cytoreduction
with low %
residual blasts

Age <60 y

Hypoplasia

Await recovery

HiDAC alone (HiDAC 2 g/m2
every 12 hours x 6 days)
or
Standard-dose cytarabine
with idarubicin or
daunorubicin
or
See treatment for induction
failure

Standard-dose cytarabine
with idarubicin or
daunorubicin

Marrow to
document
remission status
upon hematologic
recovery,
including
cytogenetics and
molecular studies
as appropriate

Complete
response

Induction
failure

Consolidation

Clinical trial
or
Matched sibling or alternative donor
HCT
or
HiDAC (if not previously used
as treatment for persistent
disease at day 15) ± anthracyline
(daunorubicin or idarubicin), if a
clinical trial is not available while
awaiting identification of a donor
or
Therapy for Relapse/Refractory
Disease 
or
Best supportive care
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities (cont’d)

Note: all recommendations are category 2A unless otherwise indicated.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Post-Induction Therapy for Younger/Fit Patients (After High-Dose Cytarabine)

Age <60 y

Follow-up bone
marrow 7-14 d
after induction
completed

Significant
residual disease
without
a hypocellular
marrow

Significant
cytoreduction
with low %
residual blasts

Complete
response

Induction
failure

Consolidation

Await
recovery

Await
recovery

Clinical trial
or
Matched sibling 
or alternative donor HCT
or
Therapy for Relapse/
Refractory Disease 
or
Best supportive care

Clinical trial
or
Matched sibling or alternative donor HCT
or
Therapy for Relapse/Refractory Disease 
or
Best supportive care

Marrow to document
remission status
upon hematologic
recovery, including
cytogenetics and
molecular studies as

appropriate

Hypoplasia
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities (cont’d)

Note: all recommendations are category 2A unless otherwise indicated.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Post-Remission Therapy for Younger/Fit Patients

Age <60

Core binding factor cytogenetic
translocations or favorable-risk
molecular abnormalities

Intermediate-risk
cytogenetics and/or
molecular abnormalities

Treatment-related disease or
poor-risk cytogenetics and/or
molecular abnormalities

Clinical trial
or
HiDAC 3 g/m2 over 3 h every 12 h on days 1, 3, 5
x 3-4 cycles (category 1)

Clinical trial
or

Matched sibling or alternative donor HCT
or
HiDAC 2-33 g/m2 over 3 h every 12 h on 
days 1, 3, 5 x 3-4 cycles

Clinical trial
or

Matched sibling or alternative donor HCT

Surveillance

Surveillance

Surveillance
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities (cont’d)



Note: all recommendations are category 2A unless otherwise indicated.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015).

http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Treatment Induction for Older/Less Fit Patients

Post-Inductipn
Therapy

Post-
Remission Therapy

Post-
Remission Therapy

Post-Inductipn
Therapy

Post-
Remission Therapy

AML ≥60y

PS 0-2

PS  >2 or
PS 0-3 with significant
comorbidities or
age ≥75 years

De novo AML without
unfavorable cytogenetics/
molecular markers/No
antecedent hematologic
disorder/No therapy-
related AML

Unfavorable cytogenetics/
molecular markers/
Antecedent hematologic
disorder/
Therapy-related AML

Clinical trial
or

Standard-dose cytarabine (100-200 mg/m2 continuous infusion x 7 days)
with idarubicin 12 mg/m2 (preferred) or daunorubicin 45-90 mg/m2 x 3 days
or mitoxanrone 12 mg/m2 x 3 days
or 

Low-intensity therapy (subcutaneous cytarabine) (5-azacytidine, decitabine)
(may be more appropriate for elderly patients or relatively unfit patients with
comorbidities)

Clinical trial

or 

Low-intensity therapy (5-azacytidine, decitabine)
or

Standard-dose cytarabine (100-200 mg/m2 continuous infusion x 7 days)
with idarubicin 12 mg/m2 (preferred) or daunorubicin 45-90 mg/m2 x 
3 days or  mitoxanrone 12 mg/m2 x 3 days (may be more appropriate for 
fit patients who are candidates for subsequent HCT)


Clinical trial

or 

Low-intensity therapy ([5-azacytidine, decitabine], subcutaneous cytarabine)
or

Best supportive care (hydroxyurea, transfusion support


TREATMENT INDUCTION
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities (cont’d)

Note: all recommendations are category 2A unless otherwise indicated.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Post-Induction Therapy for Older/Less Fit Patients (After Standard-Dose Cytarabine)

Age ≥60 y

Follow-up bone
marrow 

7-10 d after

Induction completed

Hypoplasia

Await recovery

Post-Remission

Therapy

Residual disease

Clinical trial
or
Additional standard-dose cytarabine with anthracycline
(idarubicin or daunorubicin) or miloxantrone
or

Intermediate-dose cytarabine (1-<2 g/m2) containing
regimens
or
Reduced intensity matched sibling or alternative donor
HCT, if patient meets criteria for HCT
or
Await recovery
or
Best supportive care
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Recommended Therapy Varies With Age, Performance Status, and Comorbidities (cont’d)

Note: all recommendations are category 2A unless otherwise indicated.

National Comprehensive Cancer Network. Acute Myeloid Leukemia [NCCN Guidelines] (Version 1.2015). http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. Accessed February 26, 2015.

Simplified NCCN Guidelines Version 2.2015

Post-Remission Therapy for Older/Less Fit Patients

Age ≥60 y

Follow-up bone
marrow 

7-10 d after

Induction completed

Hypoplasia

Await recovery

Post-Remission

Therapy

Residual disease

Clinical trial
or
Additional standard-dose cytarabine with anthracycline
(idarubicin or daunorubicin) or miloxantrone
or

Intermediate-dose cytarabine (1-<2 g/m2) containing
regimens
or
Reduced intensity matched sibling or alternative donor
HCT, if patient meets criteria for HCT
or
Await recovery
or
Best supportive care
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Prognosis of AML

AML Disease State Background

BACK TO CONTENTS

In adults, AML is associated with a dismal prognosis

A number of factors, including age, performance status, and cytogenetic and molecular features of disease, help stratify individuals with AML into risk groups that inform prognosis

Regardless, most adults with AML die from their disease relatively shortly after diagnosis
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AML Is Associated With
Frequent Relapse and a Poor Prognosis

AML, acute myeloid leukemia; CR, complete remission; CR1, first complete remission.

1. Schlenk R. F., Döhner H. (2013). Hematology Am. Soc. Hematol. Educ. Program 2013, 324–330; 
2. Ravandi F. Best Pract Res Clin Haematol. 2013;26(3):253-259; 3. Mangan JKTher Adv Hematol. 2011;2(2):73-82; 
4. Estey E et al. Blood. 1996;88(2):756; 5. Szer J.. Hematology Am Soc Hematol Educ Program. 2012;2012:43-8. 



High Relapse Rates

High rates of CR with initial therapy1

~65%–75% in those ≤60 years 

~40% to 60% in those 
>60 years 

At least 65–70% will relapse 
after CR2,3

Longer periods of CR1 prior to relapse are associated with3-5

Greater likelihood of achieving 
a second remission 

Longer overall survival

Highlights the value of therapies that prolong relapse and extend event-free periods in AML





‹#›



36



AML Is Associated With
Frequent Relapse and a Poor Prognosis

AML, acute myeloid leukemia.

6. Bhayat F,et al. BMC Cancer. 2009;9:252; 7. American Cancer Society. Cancer facts & figures 2014. http://www.cancer.org/acs/groups/content/@research/documents/webcontent/acspc-042151.pdf. Accessed November 19, 2014; 
8. Cheng MJ et al. J Leuk (Los Angel). 2014;2(2); 9. Puumala SE et al. Pediatr Blood Cancer. 2013;60(5):728-733.

Limited Survival

9.5 months median overall survival in adults as a group6

<25% of adults with AML survive 5 years7,8

Better outcomes in pediatrics: ~64% 5-year survival in those 
≤15 years9

High Relapse Rates

High rates of CR with initial therapy1

~65%–75% in those ≤60 years 

~40% to 60% in those 
>60 years 

At least 65–70% will relapse 
after CR2,3

Longer periods of CR1 prior to relapse are associated with3-5

Greater likelihood of achieving 
a second remission 

Longer overall survival
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Prognostic Factors in AML

Age: Older age is associated with a poorer prognosis

Performance status (PS): Poorer PS is associated with a
poorer prognosis

Cytogenetic risk: The most powerful prognostic factor in AML

Novel molecular markers: Rapidly emerging; help further refine prognosis and enable better risk stratification

AML, acute myeloid leukemia.
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Days from Diagnosis

Survival in AML Is Robustly and
Reliably Associated With Age

AML, acute myeloid leukemia. 

1. Juliusson G, et al. Blood. 2009;113(18):4179-87; 2. Dores GM,et al. Blood. 2012;119(1):34-43; 3. Maynadié M et al. Haematologica. 2013;98(2):230-238.



Progressive decline in overall survival most pronounced in older patients1-3

Overall Survival According to Age Irrespective of Management, The Swedish Acute Leukemia Registry (n =2767)1
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Juliusson 2009; pg 4183 Figure 5



Survival Has Improved in Younger Patients
But Not Older Patients

5-year survival in AML patients aged >75 years 
is <10%1

Largely unchanged 
in past 30+ years

5-year survival has consistently improved for those aged <60 years and modestly improved for those age 60–752

Mainly due to improvements in supportive care and better outcomes in 
low-risk disease3

AML, acute myeloid leukemia.

1. Thein MS,et al. Cancer. 2013;119(15):2720-2727; 2. Maynadié M et al. Haematologica. 2013;98(2):230-238;

3. Ravandi F. Best Pract Res Clin Haematol. 2013;26(3):253-259; 4. Derolf AR, et al. Blood 2009;113(16):3666-3672.

Representative Data: Projected Relative 5-year 

Survival in AML According to Age and Time Period 
(Swedish Population Cohort Study)4
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Age-related Functional Decline



Inherently Poor 
Disease Biology



Increased Chemoresistance



Comorbidities

Why Are Outcomes Worse in the
Older and Less Fit?

Schlenk R. F., Döhner H. (2013). Hematology Am. Soc. Hematol. Educ. Program 2013, 324–330; 

Stone RM et al. Hematology Am Soc Hematol Educ Program. 2004:98-117.

Several Factors 
Common to  
Older/Less Fit 
Patients Are Believed 
to Contribute to 
Poorer Outcomes
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Performance Status and Comorbidities as Prognostic Factors in AML

Poor PS usually reflects a combination of comorbidities and organ dysfunction1

Patients with poor PS have worse outcomes1,2

Poor PS is a strong predictor of both short- and long-term mortality1,2

In addition, PS and comorbidities determine the likelihood of being offered potentially curative therapy2

Decreased odds of being given intensive chemotherapy with either an increasing number of comorbid diseases or 
increasing PS

AML, acute myeloid leukemia; PS, performance status.

1. Dawod M, Hanbali A. Prognosis and survival in acute myelogenous leukemia. In: Koschmieder S, Krug U, eds. Myeloid Leukemia—Clinical Diagnosis and Treatment. InTech Open Science; 2012. http://www.intechopen.com/books/myeloid-leukemia-clinical-diagnosis-and-treatment/prognosis-and-survival-in-acute-myelogenous-leukemia. Accessed March 20, 2015; 2. Østgård,LSC et al. Blood. 2013;122(21).
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Mortality Within 30 Days of Induction
Treatment in 5 Clinical SWOG Trials

PS, performance status; SWOG, Southwest Oncology Group.

Appelbaum FR et al. Blood. 2006;107(9):3481-5.

Age
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PS 0	

Younger than 	
56 years 	
(n=364)	56-65 years (n=242)	66-75 years (n=270)	Older than	
75 years 	
(n=79)	2	11	12	14	PS 1	

Younger than 	
56 years 	
(n=364)	56-65 years (n=242)	66-75 years (n=270)	Older than	
75 years 	
(n=79)	3	5	16	18	PS 2	

Younger than 	
56 years 	
(n=364)	56-65 years (n=242)	66-75 years (n=270)	Older than	
75 years 	
(n=79)	2	18	31	50	PS 3	

Younger than 	
56 years 	
(n=364)	56-65 years (n=242)	66-75 years (n=270)	Older than	
75 years 	
(n=79)	0	29	47	82	Early Deaths (%)
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WHO PS 0

Patients Treated with Curative Intent in a Registry-Based Danish Population, 2000–2013 (n=1444) 

Long-term Survival According to 
Performance Status

AML, acute myeloid leukemia; PS, performance status; WHO, World Health Organization.

Østgård, LSC et al. Blood. 2013;122(21): 3879.
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Cytogenetics as a Prognostic Factor

Chromosomal abnormalities can be identified in 50%–60% of AML patients1

Highly prognostic of response to therapy

Traditionally used to direct treatment strategies

AML, acute myeloid leukemia; OS, overall survival.

1. Walker A, Marcucci G. Expert Rev Hematol. 2012;5(5):547-558; 2. Medeiros BC et al. Blood. 2010;116(13):2224-2228.

		Risk Category		4-Year OS

		Favorable		49%

		Intermediate		27%

		Unknown		24%

		Unfavorable		9%



Favorable, n = 153

Intermediate, n = 627

Unknown, n = 120

Unfavorable, n = 440

Log-rank p-value <.01

0
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0.2

0.0









Overall Survival

Time (Years)

Data from 1344 AML patients between the ages of 16 and 88 years treated 
on Southwest Oncology Group protocols

4-year Overall Survival Kaplan-Meier Plots According to SWOG Conventional Cytogenetic Risk Category Definitions2
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Representative Prognostic Classification
Based on Cytogenetics



MRC, Medical Research Council; NCCN, National Comprehensive Cancer Network.

Adapted from 1) NCCN Guidelines v1.2015 and 2) Grimwade D et al. Blood. 2010;116(3):354-65.

		 		NCCN Guidelines1		MRC Classification (Revised)2

		Favorable
 
 		Core Binding Factor:
Inv(16) 
t(16;16)
t(8;21)		t(15;17)(q22;q21)
t(8;21)(q22;q22)
inv(16)(p13q22)/t(16;16)(p13;q22)

		Intermediate		Normal cytogenetics
+8 alone
t(9;11)
Other nondefined		Entities not classified as favorable or adverse

		Adverse		Monosomal karyotype
–5, 5q-, –7, 7q-
11q23 - non t(9;11)
inv(3), t(3;3)
t(6;9)
t(9;22)
Complex (≥3 clonal chromosomal abnormalities)		abn(3q) excluding t(3;5)(q21~25;q31~35)
inv(3)(q21q26)/t(3;3)(q21;q26)
add(5q), del(5q), –5
–7, add(7q)/del(7q)
t(6;11)(q27;q23)
t(10;11)(p11~13;q23)
t(11q23) excluding t(9;11)(p21~22;q23) and t(11;19)(q23;p13)
t(9;22)(q34;q11)
–17/abn(17p)
Complex ( ≥4 unrelated abnormalities)



In General, There is Good Agreement Among Different Research Coalitions About Defining Favorable Cytogenetic Risk, But Variation in Assigning Intermediate and Adverse Risk
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Risk Stratification Continues to Evolve, Particularly as New Molecular and Genetic Markers Emerge

Several molecular markers have recently been identified that enable further classification of outcome risk

Prognostic in both traditionally defined cytogenetic groups and in 40 to 50% of cytogenetically normal AML

AML, acute myeloid leukemia.

 Walker A, Marcucci G. Expert Rev Hematol. 2012;5(5):547-558.

Novel Markers Include But Are Not Limited to:

FLT3 
Mutations

NPM1 
Mutations

CEBPA 
Mutations

Implicated in 
the proliferation 
and survival of leukemic cells

Implicated in 
multiple biological processes including DNA repair

Implicated in metabolic processes and granulocytic differentiation
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Standardized Reporting for Correlation of Cytogenetic and Molecular Data in AML With Clinical Data

AML, acute myeloid leukemia.

Schlenk RF, Döhner H. Hematology Am Soc Hematol Educ Program.2013:324-330.

		Genetic Group		Subset

		Favorable		t(8;21)(q22;q22); RUNX1-RUNX1T1'

				inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11'

				Mutated NPM1 without FLT3-ITD (CN-AML)

				Mutated CEBPA (CN-AML)

		Intermediate-1*		Mutated NPM1 and FLT3-ITD (CN-AML)

				Wild-type NPM1 and FLT3-ITD (CN-AML)

				Wild-type NPM1 without FLT3-ITD (CN-AML)

		Intermediate-2		t(9;11)(p22;q23); MLLT3-MLL

				Cytogenetic abnormalities not classified as favorable or adverse†

		Adverse		inv(3)(q21q26.2) or t(3;3)(q21;q26.2);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‡

		*Includes all AMLs with normal karyotype except for those included in the favorable subgroup.
†For most abnormalities, adequate numbers have not been studied to draw firm conclusions regarding their prognostic significance.
‡Three or more chromosome abnormalities in the absence of one of the World Health Organization (WHO)-designated recurring translocations or inversions: t(15;17), t(8;21), inv(16) or t(16;16), t(9;11), t(v;11)(v;q23), t(6;9), inv(3), or t(3;3).		
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Resource Utilization and Expenditures

AML Disease State Background

BACK TO CONTENTS
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A Retrospective Claims Analysis of
Resource Utilization and Expenditures

Retrospective analysis of MarketScan Commercial, Medicaid, and Medicare supplemental databases

All AML patients with an ICD-9 diagnosis code of 205.00 and a record of a hospitalization within 14 days after their initial diagnosis between 1/1/2009 – 1/31/2015



AML, acute myeloid leukemia; SD, standard deviation; ICD, International Classification of Diseases.

Irish W et al. Abstract 5633 presented at the 57th ASH Annual Meeting and Exposition; December 5-8, 2015. Orlando, FL.

1,671 patients

Mean (SD) age 58.3 (16.7)

51% male

		Age at Initial Diagnosis		

		<18 years		0.4%

		18 to 50 years		26.5%

		50 to 70 years		49.7%

		>70 years		23.5%
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A Retrospective Claims Analysis of Resource Utilization and Expenditures (cont’d)

Patients who achieved remission (n=703) 

Mean healthcare expenditures $208,431 (SD $153,144)

Patients (n=145) with 2nd treatment period (defined as days from their first record of relapse to their second remission)

Mean healthcare expenditures during 2nd treatment period were $127,953 (SD $175,020)

61.4% admitted to the hospital for an average 16.8 days

22.8% had ≥1 ER visit

AML, acute myeloid leukemia; SD, standard deviation.

Irish W et al. Abstract 5633 presented at the 57th ASH Annual Meeting and Exposition; December 5-8, 2015. Orlando, FL.

Author’s Conclusions

“Treating AML patients poses a significant healthcare burden, 
both during de novo and relapse. With people living longer, the 
number of cases of AML are expected to increase in the future”
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Unmet Needs in AML

Advanced therapies that improve upon traditional, non-targeted chemotherapies

Increasing the number of durable, long-lasting CRs obtained during induction

Enabling remission after relapse or refractory disease

Improving survival for all patients

Particular need for new therapies for older patients and those less fit for intensive treatment

As a group, these patients have experienced even less improvement in outcomes in the past 30 years than younger patients and those with less substantial comorbidities

AML, acute myeloid leukemia; CR, complete remission.
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Gemtuzumab Ozogamicin (Mylotarg®): Mechanism of Action

BACK TO CONTENTS

Section 2
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Gemtuzumab Ozogamicin Is an 
Antibody-Drug Conjugate (ADC)

What are antibody-drug conjugates [ADCs]?

Class of drugs with a nonspecific chemotherapy [i.e., an active drug] linked to an antibody 

ADCs selectively target and deliver strong cytotoxic agents to specific cancer cells

Reduces systemic toxicity

Enables direct delivery of a more potent anticancer therapeutic to cancer cells

Also known as immunoconjugates

Bander NH et al. Clin Adv Hematol Oncol. 2012;10(8 suppl 10):1-16.

Chen S, Cao Y. JSM Cell Dev Biol. 2014;2(1):1006.

Tuma RS. J Natl Cancer Inst. 2011;103(20):1493-1494.

Wu AM, Senter PD. Nat Biotechnol. 2005;23(9):1137-1146.



‹#›



‹#›

54





Antibody-Drug Conjugate = 
Cytotoxic Agent Linked to an Antibody

Bander NH et al. Clin Adv Hematol Oncol. 2012;10(8 suppl 10):1-16.

Damle NK, Frost P. Curr Opin Pharmacol. 2003;3(4):386-390.





Antibody



Cytotoxic Agent



Linker
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Antibody-Drug Conjugate = 
Cytotoxic Agent Linked to an Antibody

ADC, antibody-drug conjugate.

Bander NH et al. Clin Adv Hematol Oncol. 2012;10(8 suppl 10):1-16.

Recognizes, binds to, and thus directs compound to specific tumor-associated cell surface antigens

Ideal Target Antigen

Highly expressed on the cell surface of the cancer cells

Minimally expressed or not expressed in normal tissues

Undergoes internalization, transporting the antigen-bound ADC into cell where cytotoxic
can work





Antibody
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Antibody-Drug Conjugate = 
Cytotoxic Agent Linked to an Antibody

ADC, antibody-drug conjugate.

1. Bander NH et al. Clin Adv Hematol Oncol. 2012;10(8 suppl 10):1-16.

2. Chen S, Cao Y. Assembly of antibody-drug conjugates as potent immunotherapy. JSM Cell Dev Biol. 2014;2(1):10063.

3. Sassoon I, Blanc V. Methods Mol Biol. 2013;1045:1-27.

Kills targeted cells

To maximize toxicity, traditional chemotherapies not used as bound drug1,2

ADC development has focused on cytotoxic drugs that are 100-to-1000-fold more potent than conventional chemotherapy and thus too toxic to
use independently1,2

Two most commonly used classes of cytotoxics in ADCs3

Microtubule-destabilizing agents (auristatin or maytansinoid derivatives)

DNA minor groove binders (calicheamicin and duocarmycin derivatives)





Cytotoxic agent
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Antibody-Drug Conjugate = 
Cytotoxic Agent Linked to an Antibody

The use of ADCs to selectively deliver drugs to tumors can potentially improve efficacy while reducing systemic toxicity1

In leukemia, the development of ADCs is based on targeting
cell-surface antigens preferentially expressed on leukemic blasts but not on normal cells and tissues2

ADC, antibody-drug conjugate.

1. Wu AM, Senter PD. Nat Biotechnol. 2005;23(9):1137-1146. 

2. Amadori S, Stasi R. Best Pract Res Clin Haematol. 2006;19(4):715-736.





Antibody



Cytotoxic Agent



Linker
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The Role of the CD33 Antigen in AML

CD33 

Myeloid differentiation antigen1

Present on AML blasts in most patients and possibly some leukemic stem cells2-4

Also present on normal myeloid progenitors and myelocytes2,3

Not found on normal hematopoietic cells or tissue3,5,6

85-90% patients with AML are CD33-positive

Defined by presence of CD33 antigen on >20% to >25% of blasts from the marrow3,5,6

AML, acute myeloid leukemia.

1. Wu AM, Senter PD. Nat Biotechnol. 2005;23(9):1137-1146; 2. Laszlo GS et al. Blood Rev. 2014;28(4):143-153; 
3. Linenberger ML. Leukemia. 2005;19(2):176-182; 4. Walter RB et al. Haematologica. 2014;99(1):54-59; 
5. Ehninger A et al. Blood Cancer J. 2014;4:e218; 6. Sievers E L et al. Blood. 1999;93(11):3678-84.

Thus, CD33 is a Rational Target for Antibody-Based AML Therapies2,4



‹#›



‹#›

59





CD33 Is Expressed Most Highly in AML
But Is Not Exclusive to AML

AML, acute myeloid leukemia; CML, chronic myeloid leukemia; MDS, myelodyplastic syndrome; MPD, myeloproliferative disorder; no., number

Jilani I, et al. Am J Clin Pathol. 2002;118(4):560-566.

Levels of Surface Expression of CD33 Among Myeloid Malignancies
(Mean Molecule Per Cell [Range])

		Diagnosis		Bone Marrow				Peripheral Blood		

				No. of Samples		Total CD33+		No. of Samples		Total CD33+

		AML		100		10,380 (709-54,894)		24		9175 (421-85,452)

		MDS		135		6671 (493-53,791)		53		5339 (440-44,810)

		CML		59		4410 (801-16,108)		24		4478 (866-12,030)

		MPD		5		2295 (666-4279)		5		1903 (632-3975)

		Control Subjects		16		2997 (859-5137)		16		2336 (897-3981)
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Gemtuzumab Ozogamicin Is an ADC
That Targets CD33+ AML Cells

GO delivers a potent cytotoxic agent – calicheamicin – in a targeted manner to CD33+ AML cells, leading to AML cell apoptosis and death1-3

Calicheamicin fundamentally different than tubulin-binding cytotoxics as cytotoxic payload4,5

Tubulin-binding drugs target mitotic spindle and are most effective against rapidly proliferating cells4,5

Calicheamicin induces apoptosis regardless of cell cycle progression, impacting both proliferating and non-proliferating cells (advantage in some situations)?4,5



AML, acute myeloid leukemia.

1. Linenberger ML. Leukemia. 2005;19(2):176-182; 2. Ricart AD. Clin Cancer Res. 2011;17(20):6417-6427; 3. van Der Velden V et al. Blood. 2001;97(10):3197-3204; 4. Bornstein GG. AAPS J. 2015;17(3):525-34; 4. Shor B et al. Mol Immunol. 20145 pii: S0161-5890(14)00259-4.

1.	GO recognizes and binds to CD33, directing the compound to AML cells



3.	Calicheamicin is released causing DNA double-strand breaks/cell death



2. Once bound to CD33,
the GO/CD33 complex
is internalized
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Gemtuzumab Ozogamicin (Mylotarg): Regulatory History

BACK TO CONTENTS

Section 3
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Overview: Key Regulatory and Clinical Milestones in History of Gemtuzumab Ozogamicin

ADC, antibody-drug conjugate.

Based in part upon information in Tanimoto T et al. Invest New Drugs. 2013;31(2):473-8.

		1995		2000		2005		2010		2015



Interim Data Supports NDA



USA



Europe



Japan

1997
3 pivotal Phase II Studies Initiated (+) (relapsed/refractory) 

1999

NDA to FDA



2000

Accelerated
FDA Approval



FIRST Oncology ADC Approved

2005

NDA to EMA

2005

Japanese
Approval

2010

FDA Regulatory Review & Voluntary Withdrawal

2010

Japanese
Review & Continued Approval

Continuously
Approved 
Since 2005 

2009

SWOG S0106 (-) 
(first-line) 

2011

ALFA-0701 (+) 
(first-line) 

2014
Expanded Access

2011-2014

Additional Phase 3 Trials (+) (first-line) 

2007

EMA Refusal

2003

NDA to Japanese Authorities 

2014

Children’s Onc Group (+) (first-line peds)

Meta-analyses point to a consistent benefit in favorable/intermediate cytogenetics (+) (first-line)  
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Gemtuzumab Ozogamicin in the United States

1. Bross PF et al. Clin Cancer Res. 2001;7(6):1490-1496; 2. Thol F, Schlenk RF. Expert Opin Biol Ther. 2014;14(8):1185-1195; 
3. Tanimoto T, et al. Invest New Drugs. 2013;31(2):473-478; 4. Larson RA et al. Cancer. 2005;104(7):1442-1452.

Original marketing approval by the FDA for the treatment of relapsed, older patients with CD33+ AML1,2

FDA-recommended dose was 9 mg/m2 as single agent -- 2 doses 14 days apart1,3

Accelerated approval based upon interim data from 3 single-arm, open-label trials with an ORR = 29.6% (n=142)3 

Interim results confirmed in final, pooled analysis4

ORR=26% (n=277)

Drug voluntarily withdrawn from market by manufacturer2,3

SWOG trial S0106 failed to confirm clinical benefit in combination with chemo in first-line therapy

No improvement in CR, DFS, or OS

Higher rate of fatal induction toxicity in GO-containing arm

Drug available for selected investigator-initiated trials, but not for daily clinical practice3

May
2000

2005

June 2010
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Gemtuzumab Ozogamicin in Europe and Japan

Tanimoto T, et al. Invest New Drugs. 2013;31(2):473-478.

Japan

Approved as an orphan drug

Same phase 2 studies as submitted to FDA plus additional phase 1 and
Japan-specific Phase 1/2

Indication: relapsed/refractory AML; 9 mg/m2 as single agent

Europe

EMA refused marketing authorization

Lack of randomized clinical efficacy
compared with other treatments

Severe adverse events reported in
available single-arm trials

Japan

Approval of GO continued after re-evaluation of safety and efficacy

Post-marketing surveillance strengthened

June 2005

2008

Nov
2010





However, thought leader advocacy for GO has always remained high in Europe; 
GO available for investigator-initiated protocols and limited compassionate use
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Southwest Oncology Group (SWOG) study S0106

A Phase 3 Study of Gemtuzumab Ozogamicin During Induction and Post-Consolidation Therapy in Younger Patients with Acute Myeloid Leukemia 

Gemtuzumab Ozogamicin (Mylotarg): Regulatory History

BACK TO CONTENTS
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SWOG Study S0106 

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

Objective

Evaluate the potential benefit of the addition of gemtuzumab ozogamicin (Mylotarg) to standard induction and post-consolidation therapy in patients with AML

Accrued from August, 2004 through August , 2009

Stopped after a second
interim analysis (futility on efficacy  analyses)

Results published in Blood, 2013
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SWOG S0106: Study Design

AML, acute myeloid leukemia; AraC, cytarabine; BM, bone marrow; CR, complete response; D, day; DNR, daunorubicin; GO gemtuzumab ozogamicin (Mylotarg); h, hour; IV, intravenous.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

Induction

Consolidation

Post-Consolidation

Treatment-Naïve Patients
with de novo,
Non-M3 AML

(N=506)

DNR 45 mg/m2/day x 3 d
Ara-C 200 mg/m2/day x 7 d
GO 6 mg/m2 IV day 4

(n=297)

DNR 60 mg/m2/day x 3 d
Ara-C 200 mg/m2/day x 7 d

(n=299)

ARA-C 3 g/m2 IV q12h on days 1, 3, 5 x 3 cycles

GO 5 mg/m2 x 3
≥28 days apart

Observation

If CR 
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SWOG S0106: Eligibility Criteria

AML, acute myeloid leukemia.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

Inclusion



Exclusion 

AML according to World Health Organization criterion
(> 20% blasts)

Age 18 to 60 years

Zubrod performance score of from 0 to 3 

Adequate organ function

Acute promyelocytic leukemia (M3 AML)

Unstable cardiac arrhythmias
or angina

Known hepatitis B 

Active hepatitis C 

AML arising from a prior hematological malignancy
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SWOG S0106:
Baseline Patient Characteristics 

DA, daunorubicin and cytarabine; GO, gemtuzumab ozogamicin; min, minimum; max, maximum.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

				DA + GO (n=295)		DA (n=300)		P

		Age, years (median, min-max)		47 (18-60)		48 (18-60)		.44

		Age, years [patients (%)]						

		<35		57 (19%)		56 (19%)		.92

		≥35		238 (81%)		244 (81%)		

		Sex [patients (%)]						

		Female		135 (46%)		147 (49%)		.46

		Male		160 (54%)		153 (51%)		

		Performance Status [patients (%)]						

		0		117 (40%)		118 (40%)		.37

		1		147 (50%)		136 (46%)		

		2		22 (7%)		31 (10%)		

		3		8 (3%)		13 (4%)		

		Unknown		1		2		
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SWOG S0106:
Baseline Patient Characteristics (cont’d) 

DA, daunorubicin and cytarabine; GO, gemtuzumab ozogamicin; min, minimum; max, maximum.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

				DA + GO (n=295)		DA (n=300)		P

		Performance Status [patients (%)]						

		0		117 (40%)		118 (40%)		.37

		1		147 (50%)		136 (46%)		

		2		22 (7%)		31 (10%)		

		3		8 (3%)		13 (4%)		

		Unknown		1		2		

		Cytogenetic Risk Group [patients (%)]						

		Favorable		37 (15%)		44 (18%)		.47

		Intermediate		137 (54%)		132 (55%)		

		Unfavorable		62 (24%)		55 (23%)		

		Indeterminate		18 (7%)		11 (5%)		
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SWOG S0106: Treatment Outcomes
After Induction Chemotherapy

CR, complete remission; Cri, CR with incomplete hematologic recovery; DA, daunorubicin and cytarabine; GO, gemtuzumab ozogamicin; OS, overall survival; RFS, relapse-free survival.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

		Group		Patients		CR, %
[95% CI]		CR or CRi, % [95% CI]		Resistant Disease		OS @
5 years, % [95% CI]		RFS @
5 years, % [95% CI]

		DA+GO		295		69 
[63-74]		76 
[69-79]		15 
[12-20]		46 
[40-52]		43 
[36-50]

		DA		300		70 
[64-75]		74 
[69-79]		20 
[16-25]		50 
[44-56]		42 
[35-49]

		P				.059		.36		.065		.85		.40
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SWOG S0106: Overall Survival by Induction Arm

AraC, cytarabine; CI, confidence interval; DNR, daunorubicin; GO, gemtuzumab ozogamicin (Mylotarg); HR, hazard ratio.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

HR, 1.13; 95% CI, 0.90-1.42; P = .59
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SWOG S0106: Overall Survival by Induction Arm in Patients Who Achieved Complete Remission

AraC, cytarabine; CI, confidence interval; DNR, daunorubicin; GO, gemtuzumab ozogamicin (Mylotarg); HR, hazard ratio.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

HR, 0.97; 95% CI, 0.75-1.26; P = .40

8

6

4

2

0

Years after Complete Remission
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SWOG S0106: Summary of Induction Toxicities

DA, daunorubicin and cytarabine; GO, gemtuzumab ozogamicin.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

				DA + GO (n=292)
 n (%)		DA
(n=294)
n (%)

		Any Fatal Toxicity		16 (5%)		4 (1%)

		Infection and/or febrile neutropenia		5		2

		Central nervous system hemorrhage		4		1

		Acute respiratory distress syndrome, dyspenea		3		0

		Lung hemorrhage		2		0

		Transfusion-related acute lung injury with infection and central nervous system hemorrhage		1		0

		Liver dysfunction		1		0

		Other		0		1

		Any grade 4+ non-hematologic		61 (21%)		36 (12%)

		Any grade 3+ non-hematologic		236 (81%)		244 (83%)
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SWOG S0106: Conclusions

Failed to conﬁrm beneﬁcial effects from the addition of GO to standard induction of cytarabine and daunorubicin at 45 mg/m2 per day for 3 days when compared with an intensive induction regimen using a daunorubicin dose of 60 mg/m2 per day for 3 days

No improvement in complete response rate, RFS, or OS when GO was added to either therapy 

Significant difference in fatal induction rate (5.5% with GO vs. 1.4% in control group)

Very low induction death rate in control arm

5.5% induction death rate in GO arm consistent with historical rate in similar trials



GO, gemtuzumab ozogamicin; RFS, relapse-free survival; OS, overall survival.

Petersdorf SH, et al. Blood. 2013;121(24):4854-4860.

On the Basis of the Results of S0106, Pﬁzer Voluntarily Withdrew
GO from the US Market in June 2010 Before the Results of Some of Other Randomized Trials Were Known
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Gemtuzumab Ozogamicin: 
Clinical Data Subsequent to SWOG S0106

AML, acute myeloid leukemia; GO, gemtuzumab ozogamicin.

1. Rowe JM, Löwenberg B. Blood. 2013;121(24):4838-4841; 2. Gasiorowski RE et al. Br J Haematol. 2014;164(4):481-495; 
3. Castaigne S. Blood. 2013;121(24):4813-4814. 

1.
Recognition of limitations in SWOG S0106



Suboptimal dose of daunomycin in the experimental arm in SWOG S01061,2

Patients in GO-containing arm received lower dose of daunorubicin (45 vs. 60 mg/m2)

May have masked/abrogated any beneficial effect of GO

Unprecedented and historically low rate of induction death in the control arm1-3

Control arm induction death rate <1%

5% induction death rate (as in GO arm) typical in large
AML trials

Suboptimal dosing of Mylotarg?2.3
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Gemtuzumab Ozogamicin: 
 Clinical Data Subsequent to SWOG S0106 (cont’d)

GO, gemtuzumab ozogamicin.

1. McKoy JM et al. Leuk Res. 2007;31(5):599-604; 2. Pfizer Data-on –file; 3. Sievers EL. Cancer Chemother Pharmacol. 2000;46(suppl):S18-S22; 4. Linenberger ML. Leukemia. 2005;19(2):176-182; 5. van Der Velden VH et al. Blood. 2001;97(10):3197-3204 

GO as originally indicated (9 mg/m2, 2 doses, 14 days apart) associated with relatively frequent liver toxicity1 

Can we use lower doses?2,3

Responses seen after doses of 1-4 mg/m2
in Phase 1

Saturation of >80% of CD33 sites seen with either 4 or 6 mg/m2

Best dosing strategy?

Fractionated dosing = repeated administration of lower doses (eg, 3 mg/m2 on days 1, 4, and 7)

Potentially viable because new CD33 antigen sites are re-expressed on leukemic cell membranes after an initial exposure to GO, enabling further drug internalization with repeated exposure4,5

2.
Clinical
research efforts to minimize toxicity and maximize efficacy 
with alternative dosing
regimens

1.
Recognition of limitations in SWOG S0106
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Gemtuzumab Ozogamicin: 
 Clinical Data Subsequent to SWOG S0106 (cont’d)

GO, gemtuzumab ozogamicin; OS, overall survival.

Gasiorowski RE et al. Br J Haematol. 2014;164(4):481-495; Cowan AJ et a. Front Biosci (Landmark Ed). 2013;18:1311-1134; 
Ravandi F, Kantarjian H. Nat Rev Clin Oncol. 2012;9(6):310-311. 

3.

Substantial number of large positive trials with GO reported in last 5 years

2.
Clinical
research efforts to minimize toxicity and maximize efficacy 
with alternative dosing
regimens

1.
Recognition of limitations in SWOG S0106



Alternative dosing schedules including low-dose, “fractionated” dosing

Consistent demonstration that GO improves OS when used as part of first-line therapy

Particularly in AML with favorable or intermediate cytogenetics 
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Gemtuzumab Ozogamicin: 
 Clinical Data Subsequent to SWOG S0106 (cont’d)

AML, acute myeloid leukemia; GO, gemtuzumab ozogamicin.

Cowan AJ et a. Front Biosci (Landmark Ed). 2013;18:1311-1134; Kharfan-Dabaja MA. Lancet Oncol. 2014;15(9):913-914.; 
Ravandi F, Kantarjian H. Nat Rev Clin Oncol. 2012;9(6):310-311; Rowe JM, Löwenberg B. Blood. 2013;121(24):4838-4841. 

Numerous stakeholders in the AML community – including experts in leukemia, community oncologists, and patients – have strongly lobbied for increased availability of and greater access to gemtuzumab ozogamicin

3.

Substantial number of large positive trials with GO reported in last 5 years

2.
Clinical
research efforts to minimize toxicity and maximize efficacy 
with alternative dosing
regimens

1.
Recognition of limitations in SWOG S0106
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End of Module 1: Background


Gemtuzumab Ozogamicin (Mylotarg®) 
Core Medical Slide Deck
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Arm A Arm B

2nd course if BM blasts >10% at D15
DNR 60 mg/m2 D1, D2

AraC 1g/m2/12h D1 to D3

INDUCTION

1st CONSOLIDATION

2nd CONSOLIDATION

Gemtuzumab Ozogamicin: 
Recent Re-Approval

ALFA 0701 Study -- Randomization: untreated AML pts, age 50-70

CR or CRp

DNR 60 mg/m2 D1 to D3
AraC 200 mg/m2 D1 to D7

DNR 60 mg/m2 D1 
AraC 1g/m2/12h D1 to D4

DNR 60mg/m2 D1,D2 
AraC 1g/m2/12h D1 to D4

DNR 60 mg/m2 D1 to D3
AraC 200 mg/m2 D1 to D7
GO 3 mg/m2 D1, D4, D7

DNR 60 mg/m2 D1 
AraC 1g/m2/12h  D1 to D4
GO 3 mg/m2 D1

DNR60 mg/m2 D1,D2 
AraC 1g/m2/12h D1 à D4
GO 3mg/m2 D1

Castaigne S et al, Lancet 379:1508-1516, 2012



ALFA-0701: 
Event-Free Survival – Primary Analysis 

Mylotarg+
DNR/AraC

N=135

DNR/AraC
N=136

Number of events, n (%) 73 (54.1) 102 (75.0)

Median time to event, months 17.3 9.5 

Hazard ratio  (95% CI) 0.562 (0.415, 0.762)

p-value 0.0002
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Number at 
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GO meta-analysis: Cytogenetics
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Annual event rates Years 1–5 Years 6+

GO 73.8% (SD 4.6) 2.4% (SD 2.4)

No GO 76.7% (SD 4.8) 21.1% (SD 
10.5)

Annual event
rates

Years 1–5 Years 6+

GO 22.4% (SD 1.0) 2.7% SD 0.9

No GO 26.2% (SD 1.1) 4.9% SD 1.3

Hills RK et al. Lancet Oncol 2014;15:986–996



Survival in AML in Age ≥ 60 Years (MDACC, 1973-
Present, n=1647)



Why Do Older Patients With AML 
Experience Inferior Outcomes?

• Decreased host tolerance of intensive therapy
– Impaired hematopoietic stem cell reserve
– Presence of comorbid diseases
– Decreased chemotherapy clearance

• Increased resistance of disease to therapy
– Ratio of favorable (eg, t[8;21]) to unfavorable (eg, -7) 

cytogenetics is lower than for younger patients
– Higher expression of drug resistance proteins (eg, 

PGP)
– Higher incidence of antecedent hematologic disorders

PGP = p-glycoprotein.



New RX Algorithm in Older Adults 
with AML

– FIT, FLT3 mutation ( TKD or ITD): 3+7+mido
– FIT, CBF: 3+7+GO
– FIT, MRC-related cytogenetics, h/o MDS, prior rx for CA: 

CPX-351
– FIT, NOS: 3+7
– UNFIT, or >75 yo: aza (7d) +venetoclax
– UNFIT, IDH1 or IDH2 mut: ivo- or enasidenib
– ANY FITNESS: TP53 mut: 10d decit+ven
– Add lomustine to 3+7 wo unfav cytog ( Pigneux A et al, 

JCO, 2019)
– Post CR

• alloSCT if poss ( Devine et al , JCO 2015)
• Cont low dose rx ( Dinardo et al Blood 2019)
• Maint aza imp DFS ( Huls, et al , Blood 2019)



De novo AML, Age 
≥ 60 y 

In Elderly de novo AML, Secondary-Type 
Mutations Are Associated With Adverse 

Outcomes

Genetic 
Subtype

Lindsley RC et al. Blood. 2015;125:1367-1376.



CPX-351
• CPX-351 is a liposomal co-

formulation of cytarabine and 
daunorubicin designed to achieve 
synergistic antileukemia activity
– 5:1 molar ratio of 

cytarabine:daunorubicin provides 
synergistic leukemia cell killing            
in vitro1

– In patients, CPX-351 preserved 
delivery  of the 5:1 drug  ratio for over 
24 hours, with drug exposure 
maintained for  7 days2

– Selective uptake of liposomes by 
bone marrow leukemia cells in 
xenograft models3

1. Tardi P et al. Leuk Res. 2009;33(1):129–139. 
2. Feldman EJ et al. J Clin Oncol. 2011;29(8):979–985; 
3. Lim WS et al. Leuk Res. 2010;34(9):1245–1223. 37



CPX-351 Phase III Study Design
• Randomized, open-label, parallel-arm, standard therapy–

controlled
– 1:1 randomization, enrolled from December 2012 to 

November 2014
– Patients with CR or CRi could be considered for 

allogeneic HCT, based on institutional criteria

AML, acute myeloid leukemia; CMML, chronic myelomonocytic leukemia; CR, complete response; CRi, CR with incomplete platelet or 
neutrophil recovery; ECOG PS, Eastern Cooperative Oncology Group performance status; HMA, hypomethylating agents; MDS, 
myelodysplastic syndrome. 
1. World Health Organization. WHO Classification of Tumours of Haematopoitic and Lymphoid Tissues. Swerdlow S et al (ed). Lyon, 
IRAC Press, 2008.
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Key Eligibility
• Previously 

untreated 
• Ages 60–75 years 
• Able to tolerate 

intensive therapy
• ECOG PS 0–2

Stratifications:
• Therapy-related AML
• AML with history of MDS 

with and without prior 
HMA therapy

• AML with history of CMML
• De novo AML with MDS 

karyotype

Induction
(1–2 cycles)

Patients in CR 
or CRi:

Consolidation
(1–2 cycles)

Follow-up:
• Death

OR
• 5 years

CPX-351 (n = 153)

7+3 (n = 156)

• 60–69 years 
• 70–75 years

CPX-351 (n = 73)

7+3 (n = 52)
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*Based on Kaplan-Meier estimate for the intent-to-treat population. 
Median follow-up in patients who were alive: CPX-351 (n = 49): 589 days (range: 44-1007); 7+3 (n = 24): 601 days (range: 417-917).
CI, confidence interval; CR, complete response; CRi, CR with incomplete platelet or neutrophil recovery;  HSCT, hematopoietic stem cell 
transplant.

CPX-351 (n = 153) 7+3 (n = 156) Odds ratio P value
CR+CRi 47.7% 33.3% 1.77 (1.11, 2.81) 0.016
HSCT rate 34.0% 25.0% 1.54 (0.92, 2.56) 0.098
Deaths ≤30 days* 5.9% 10.3%
Deaths ≤60 days* 13.7% 21.2%

Overall Clinical Results

Hazard ratio = 0.69
2-sided P value = 
0.005

Lancet 
et al , 
ASCO 
2016



Survival Landmarked from Time of 
Transplant
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– CPX-351 median OS not reached vs 10.25 months for 7+3
– HR of 0.46 favoring CPX-351 (P=0.0046)
– Cox proportional hazards HR, including transplant as a time-dependent 

covariate, was 0.51 (95% CI, 0.35–0.75; P=0.0007), favoring CPX-351

Lancet et al, 
ASH 2016



Venetoclax:  BCL-2 Selective 
Inhibitor

Konopleva M, et al. Cancer Discov. 2016. Epub ahead of print. Lin T, et al. ASCO 2016. Abstract 7007.

BCL-2 overexpression allows cancer 
cells to evade apoptosis by 

sequestering pro-apoptotic proteins

Venetoclax binds to BCL-2, freeing pro-
apoptotic proteins that initiate apoptosis



Venetoclax+low dose ara-C new dx

Wei A et al. Blood. 2019

 >60 yo, inelig for intensive chemo (HMA for prior MDS allowed)
 TLS ppx, ramp up ven to target ( dose reduced if CYP3Ai used) : 

600 mg/d + ara-C 20 mg/m2/d sc x 10d
 N=82



Study Overview
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NCT02203773

|  Pollyea D, et al , ASH 2018, Dinardo C, Blood, 2019

• CR/CRi rate of 67% in older AML patients with 
venetoclax + HMAs

• Median DOR was 11.3 months and median OS 
was 17.5 months 

• 400 mg venetoclax was the recommended phase 
2 dose

venetoclax + azacitidine
400 mg: n=4

venetoclax + HMAs
N = 212

venetoclax + decitabine
400 mg: n=6

400 mg 
venetoclax

N = 25

800 mg 
venetoclax

N = 25

400 mg 
venetoclax

N = 25

800 mg 
venetoclax

N = 25

azacitidine decitabine

Escalation

Expansion

400 mg 
venetoclax

N = 55

Analysis population
Ven + Aza: n=84
Ven + Dec: n=31



Response Rates of CR/CRi by 
Combination: VEN+HMA

44

Venetoclax  with HMAs induces rapid, deep, and durable responses in older patients  with AML  |  ASH 2018

Ven + Aza Ven + Dec

Time to CR
median (range)

1.2 (0.7–
5.5)

1.9 (0.9–
4.6)

No. of treatment cycles for 
these patients                                                             
median (range) 6.0 (1–32) 6.0 (1–29)

Pollyea D, et al , ASH 2018, Dinardo C, Blood, 2019



Response Rates of CR/CRi by 
Patient Subgroups
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Venetoclax  with HMAs induces rapid, deep, and durable responses in older patients  with AML  |  ASH 2018

Pollyea D, et al , ASH 2018, Dinardo C, Blood, 2019



Overall Survival
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Venetoclax  with HMAs induces rapid, deep, and durable responses in older patients  with AML  |  ASH 2018

Median Follow-up
Venetoclax + azacitidine
14.9 months (range 0.4–42.0)
Venetoclax + decitabine
16.2 months (range 0.7–42.7)



NA = not applicable; PD = progressive disease; PR = 
partial remission; SD = stable disease. 

TP53 and Decitabine in AML

Welch JS et al. N Engl J Med. 2016;375:2023-2036.



DEC10-VEN in AML/MDS
CR/CRi Rates in Subgroups

Newly dx AML and untreated sAML n/N (%)
Mutational subgroups

NPM1 
IDH1/2
FLT3
TP53
ASXL1
RUNX1
RAS

8/8 (100)
5/5 (100)
3/4 (75)

4/4 (100)
5/5 (100)
5/5 (100)
3/4 (75)

ELN subgroups
Favorable 
Intermediate
Adverse

6/6 (100)
10/10 (100)
10/11 (91)

30-day mortality – 8%, 60-day mortality – 10%
Maiti et al, ASH 2018



Relapsed AML: Induce CR2, then allo SCT
 FLAG-IDA, MEC are typical salvage 

regimens (can repeat 3+7 if >1 y ds-free 
interval)
 If IDH2 mutant: consider enasidenib
 IF IDH1 mutant: consider ivosidenib
 IF FLT3 mutant: gilteritinib/quizartinib
 Fractionated gemtuzumab if unfit
 Clinical trial (spliceosome inhib, HH pathway, 

pro-apoptotic [BCL-2i, MDM2i], chemo + E-
selectin inhibitor)

Smith, BD, et al. Blood 2004
Knapper, S, et al. Blood 2006



• IDH is an enzyme of the 
citric acid cycle 

• Mutant IDH2 produces 2-
hydroxyglutarate (2-HG), which 
alters DNA methylation  and 
leads to a block in cellular 
differentiation

• AG-221 (CC-90007) is a selective, 
oral, potent inhibitor of the 
mutant IDH2 (mIDH2) enzyme

Tumor Cell

Isocitrate Dehydrogenase (IDH) Mutations as a 
Target in AML



IDH Inhibitor Data

– Most common AEs:  nausea, 
fatigue, increase in bilirubin, 
diarrhea

– ORR 37% in 159 adults w R/R 
AML

• CR 18%
• Median duration of 

response of 6.9 months

– Differentiation syndrome

DiNardo C, et al. NEJM 2018.. Stein E, et al. Blood 2019

 Most common AEs:  diarrhea, 
fatigue, and pyrexia

 Overall response rate of 35% and a 
complete remission rate of 15%

 In all response evaluable patients, 
an estimated 55% had treatment 
duration of at least 33%

 Differentiation syndrome

AG120=ivosidenib AG221=enasidenib



Study Design and Objectives: 
Ivosidenib in mutant IDH1 ds

Dose escalation 
(n=78)

Enrollment complete

Dose expansion (n=180) 
Enrollment complete: 500 mg QD in continuous 28-day cycles 

Single-arm, open-label, phase 1, multicenter trial study 

Untreated AML not eligible for SOC, n=252
Other non-AML mIDH1 R/R advanced hematologic malignancies, n=113

Other R/R AML not eligible for Arm 1, n=184

Patients with mIDH1+ 
advanced hematologic 

malignancies
Oral ivosidenib daily 
in continuous 28-day 

cycles 
Doses included 100 mg 

BID, 
300, 500, 800, 1200 mg QD

R/R AML in 2nd+ relapse, relapse after SCT, refractory to induction or 
reinduction, or relapse within 1 year, n=1261

ClinicalTrials.gov NCT02074839. DLTs, dose limiting toxicities; MTD, maximum tolerated dose; RP2D, recommended phase 2 dose

Study objectives
Primary Safety and tolerability, MTD and/or RP2D, clinical activity mIDH1 R/R AML enrolled in expansion 

Arm 1
Secondary DLTs, pharmacokinetics and pharmacodynamics (including 2-HG), preliminary clinical activity in 

advanced hematologic malignancies
Exploratory Determination of comutations and mIDH1 variant allele frequency (VAF)

Dinardo et al , NEJM 2018



• CRh = 6 patients with investigator assessed responses of CRi/CRp and 5 with MLFS

Response in R/R AML

Data cutoff: 12May2017. CR, complete remission; CRh, CR with partial hematologic recovery; CRp, CR with incomplete platelet recovery; CRi, CR with incomplete hematologic recovery; MLFS, morphologic 
leukemia-free state; NA, not assessed; ORR, objective response rate; PD, progressive

Primary R/R AML Set (n=125)

CR+CRh rate, n (%) [95% CI] 38 (30.4%)  [22.5, 39.3]
Time to CR/CRh, median (range) months 2.7 (0.9, 5.6)
Duration of CR/CRh, median [95% CI] months 8.2 [5.5, 12.0]

CR rate, n (%) [95% CI] 27 (21.6%)  [14.7, 29.8]
Time to CR, median (range) months 2.8 (0.9, 8.3)
Duration of CR, median [95% CI] months 9.3 [5.6, 18.3]

CRh rate, n (%) 11 (8.8%)

Overall Response Rate, n (%) [95% CI] 52 (41.6%)  [32.9, 50.8]
Time to first response, median (range) months 1.9 (0.8, 4.7)
Duration of response, median [95% CI] months 6.5 [4.6, 9.3]

Best response
CR, n (%) 27 (21.6)
CRi or CRp, n (%) 16 (12.8)
MLFS, n (%) 9 (7.2)
SD, n (%) 44 (35.2)
PD, n (%) 13 (10.4)
NA, n (%) 16 (12.8)

Dianrdo et al , NEJM 2018
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1 p 0.001 by Fisher’s exact test; ()
2 All detected FLT3 mutations were FLT3-TKD

12

By-subject VAF of Known/Likely Co-occurring Mutations at Baseline by 
Response to Ivosidenib Treatment (R/R AML at 500 mg QD 
(Bone Marrow, N=142, NGS)

Dinardo C, et al, NEJM 2018
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Quizartinib and Gilteritib: Second Generation FLT3 Inhibitors

Type II 
FLT3 

inhibitors2

Type I 
FLT3 

inhibitors2

Lestaurtinib3

Crenolanib Gilteritinib

Midostaurin3

Quizartinib

Sorafenib3

Cortes JE, et al. J Clin Oncol. 2013;31(29):3681-3687. Reprinted with permission. © 
2013 American Society of Clinical Oncology. All rights reserved.

Quizartinib 60 mg1

• Quizartinib is  potent in vivo than any other FLT3 inhibitor to date4,5

• But selection of resistance with FLT3-TKD mutations
• Possible QT prolongation at higher doses

• Gilteritinib ‘hits’ both ITD and TKD subtypes
• Well tolerated
• within 10-fold that of FLT3 were closely related RTKs, eg, KIT)6

PIA



56

QuANTUM-R Study Design

Primary endpoint: overall survival (ITT population)
Secondary endpoint: event-free survival (ITT population)
Select exploratory endpoints: CRc rate, duration of CRc, and transplant rate 
Enrollment dates: May 2014 (first patient) to September 2017 (last patient)
Data cutoff: February 2018

FLT3-ITD AML 
(N = 367)

• Age ≥ 18 years 
• Refractory AML or relapse 

within 6 months of first 
remission (± HSCT)

• ≥ 1 cycle of standard-dose 
anthracycline- or 
mitoxantrone-containing 
induction therapy

• ≥ 3% FLT3-ITD allelic ratio

Lo
ng

-te
rm

 fo
llo

w
-u

p

Quizartinib 
continuation

Quizartinib (n = 245)

30 mg × 15 days  60 mg 
if QTcF ≤ 450 ms on day 16a

Salvage chemotherapy 
(n = 122)

LoDAC (n = 29; 24%) 

MEC (n = 40; 33%) 
or FLAG-IDA (n = 53; 43%)

HSCT

Optional treatments

2:
1

ra
nd

om
iz

at
io

n

HSCT

CRc, composite complete response; QT interval corrected using Fridericia’s correction formula.
a20 mg × 15 days  30 mg if concomitantly taking CYP3A4 inhibitors.

HSCT based on local practice
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Quizartinib

Salvage chemotherapy
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HR, 0.76 (95% CI, 0.58-0.98)
P = .0177 (1-sided, stratified log-rank)

27%

20%

Primary Endpoint: Overall Survival
ITT population

Median overall survival, months (95% CI)
Quizartinib

n = 245
Salvage chemotherapy

n = 122
6.2 months (5.3, 7.2) 4.7 months (4.0, 5.5)

• Median follow-up: 23.5 months



Antileukemic Response to ≥80 mg/day Gilteritinib
in FLT3mut+ Patients by Mutation Type and TKI Status
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Perl et al ,  Lancet Oncology , 2017
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Admiral Trial,AACR 2019 ( Perl A et al ) : Gilteritinib v 
dealer’s choice chemo in R/R mutant FLT3 AML

 Randomized (2:1) to receive continuous 28-day cycles 
of 120 mg/day gilteritinib or pre-randomization selected 
SC: (LoDAC), azacitidine (AZA), (MEC), or (FLAG-IDA). 

 N=371 : 247 to gilteritinib and 124 to SC (MEC, 25.7%; 
FLAG-IDA, 36.7%; LoDAC, 14.7%; AZA, 22.9%). 

 Median age = 62 years ; FLT3-ITD, 88.4%; 61% 
Relapsed, 39% refractory

 OS favored gilt:(9.3 months v 5.6 months; hazard ratio 
[HR] for death = 0.637; P=0.0007)

 1-year survival rates were 37.1% and 16.7%, G v 
chemo. 

 CR/CRh 34.0% and 15.3%, respectively (P=0.0001)
 Giltertinib has been approved for R/R mutant FLT3 

AML ( Quiizartinib has not) Smith, BD, et al. Blood 2004
Knapper, S, et al. Blood 2006



Acute MyeloidLeukemia: Conclusions
– Mutations/Cytogenetics/Host factors
– Still don’t know how to use MRD
– New Therapies

• Midostaurin ( + chemo in FLT3 mutant upfront)
• Gilteritinib ( single agent R/R FLT3 mutant)
• Enasidenib/( ivosidenib) ( R/R IDH2 (1) mutant)

– Ivo recently approved for upfront use
• Gemtuzumab ( +chemo in CD33+ upfront)
• CPX-351 ( upfront secondary)
• Venetoclax +low dose chemo  (upfront, unfit)
• Glasdegib + low dose cytarabie ( upfront, unfit)

– Need to wait for rand aza+/- ven and early 
combo trials ( e.g., aza/ven/gilt)
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