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• ~ 40% cure rates in 
younger

• Dismal outcome in 
older

• No major advances 
in treatment, until 
recently

• 15-20000 new 
cases/year in EU/USA

• Rapidly rising 
incidence over age 50

• Most patients 
diagnosed over age 60 
(median: 70 yrs)

AML

Grimwade D et al. Blood 1998;92:2322-2333
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AML: a heterogeneous disease and an urgent medical need
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• Normal karyotype AML represent about 50% of all AML 
cases



ü 2005



Human Genome Project

February 2001

(Ley et al, Nature, 2008)

ü 2008



23
significantly
mutated genes
in 200 de novo AML

Ley T, et al. N Engl J Med 2013;368:2059-74.

ü 2013



Progress in defining the molecular landscape of AML

David Grimwade et al. Blood 2016;127:29-41

PRE- POST-NGS



2017 ELN recommendations

AML risk stratification by genetics: ELN 2010 and 2017

Dohner et al. Blood, 2017;129:424-447

2010 ELN recommendations

Dohner et al. Blood, 2010;115:453-474

*
*



Arber et al. Blood. 2022;140(11):1200-1228; Cazzola and Sehn. Blood. 2022;140 (11):1193–1199.



2017 ELN recommendations 2022 ELN recommendations

Dohner et al. Blood, 2017;129:424-447 Dohner et al. Blood, 2022;140:1345-1377

AML risk stratification by genetics: ELN 2017 and 2022

* *

*
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Gemtuzumab ozogamicin (GO): Mechanism of action 

1. GO binds to CD33 antigens on leukaemic blasts
2. Once bound, the GO/CD33 complex is internalised by receptor-mediated endocytosis
3. Calicheamicin is released from the antibody–drug complex and acts as a potent cytotoxic agent
4. Calicheamicin causes double-strand DNA breaks, causing the cell to undergo apoptosis
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• Ven+AZA5

• Oral AZA
maintenance6

Cytogenetics1 Molecular markers 
and interactions1

MRD1

Allogeneic 
transplant1

RIC 
transplant1

Everyone 
has a donor1

ATO
in APL2

ATRA
in APL2

“7+3”1
Post-remission 

therapy1
Intensive consolidation 

(e.g. HiDAC)1
GO first 

approval*,3,4
GO 

withdrawal3,4
• FLT3 inhibitors1
• IDH inhibitors1
• Venetoclax1
• GO1,3,4

• CPX-3511

Major advances in AML over the past 5 decades

* EMA orphan designation and FDA approval in 2000; 
AlloSCT, allogeneic stem cell transplant; APL, acute promyelocytic leukemia; ATO, arsenic trioxide; ATRA; all-trans retinoic acid; GO, gemtuzumab ozogamicin; 
AZA, oral azacitidine; HiDAC, high-dose cytarabine; RIC, reduced-intensity conditioning.
1. Rowe JM. Best Pract Res Clin Haematol 2019; 32:101094; 2. Wang ZY & Chen Z. Blood 2008; 111:2505–2515; 3. Ali S, et al. Oncologist 2019; 24:e171–e179;
4. FDA News Release. Sept 01, 2017. Available at: https://www.fda.gov/news-events/press-announcements/fda-approves-mylotarg-treatment-acute-myeloid-leukemia (accessed 09/2020);
5. DiNardo CD, et al. N Engl J Med 2020; 383:617‒629; 6. Wei AH, et al. Blood 2019; 134:LBA-3.
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ALFA-0701: Phase III study design

Second induction course*

Randomisation
N=271

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

GO arm (n=135)

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

Control arm (n=136)

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

GO: 3 mg/m2 D1

1st consolidation

CR or CRp
DNR: 60 mg/m2 D1 

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

2nd consolidation DNR: 60 mg/m2 D1,D2 
AraC: 1 g/m2/12 h D1 to D4

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

CR or CRp

Salvage induction course

OR
All GO doses were 

capped at one 5 mg vial

Primary endpoint: EFS
Secondary endpoints: 

RFS, OS 

Randomisation: Untreated patients with AML, aged 50–70 years1,2

*If a second induction is required, GO should not be administered during second induction therapy. Only DNR and AraC should be administered during the second induction cycle: DNR should be infused at a dose of 35 mg/m2/day 
on Days 1 and Day 2, and AraC at a dose of 1 g/m2/every 12 hours on Day 1 to Day 33
AML, acute myeloid leukaemia; AraC, cytarabine; CR, complete remission; CRp, complete remission with incomplete platelet recovery; DNR, daunorubicin; EFS, event-free survival; GO, gemtuzumab ozogamicin; OS, 
overall survival; RFS, relapse-free survival
1. Lambert J et al. Haematologica 2019;104:113–119; 2. Lambert J et al. Haematologica 2019;104:113−119.(Suppl.); 3. Pfizer Limited. gemtuzumab ozogamicin Summary of Product Characteristics last update 



Gemtuzumab ozogamicin EU label

Dosing and administration

GO is indicated for combination therapy with DNR and AraC for the treatment of patients age
15 years and above with previously untreated, de novo CD33-positive AML, except APL

1 2 3 4 5 6 7Day

Induction*
GO 3 mg/m2/dose

DNR 60 mg/m2/day
AraC 200 mg/m2/day

Consolidation 
course 2

GO 3 mg/m2/dose
DNR 60 mg/m2/day

AraC 1 g/m2 q12h/day

Consolidation 
course 1

GO 3 mg/m2/dose
DNR 60 mg/m2/day

AraC 1 g/m2 q12h/day

Up to two consolidation courses can be given for patients in CR following induction

Second induction 
(if required)*

GO should not be administered during second induction
DNR 35 mg/m2/day

AraC 1 g/m2 q12h/day



Rationale for the use of fractionated doses of gemtuzumab ozogamicin

Responses observed at 1–4 mg/m2 2

Dose level, mg/m2

0.25 0.5 1 2 4 5 6 9

Patients per 
dose group, n 4 3 4 3 6 6 8 7

CR, n – – 1 – 1 – – 1

Phase I study
Re-expression of CD33 sites 
occurred every ~72 hours3

Frequent GO dosing may facilitate 
prolonged saturating serum levels and 

more efficient drug targeting

GO was developed in the 
relapsed AML setting1

Response 
rate 

Excessive 
toxicity

30%

1 14
9 mg/m2 9 mg/m2

Phase II studies

Adapted from: Sievers et al 1999

In induction, the recommended dose of GO is 3 mg/m2/dose (up to a maximum of one 5 mg vial) infused over a 2-hour period on Days 1, 4 and 7 in combination with daunorubicin 60 mg/m2/day infused over 30 minutes on 
Day 1 to Day 3, and AraC 200 mg/m2/day by continuous infusion on Day 1 to Day 7. AML, acute myeloid leukaemia; Cmax, peak serum concentration; CR, complete remission; GO, gemtuzumab ozogamicin
1. Sievers EL et al. J Clin Oncol 2001;19:3244−3254; 2. Sievers EL et al. Blood 1999;93:3678−3684; 3. Caron PC et al. Blood 1994;83:1760−1768



ALFA-0701: Event-free survival (primary endpoint)

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Number at risk Survival time, months

GO 135 109 98 86 74 57 47 36 32 25 18 15 10 3 3 0

Control 136 100 93 69 51 32 21 16 10 5 5 2 1 0
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42.1

18.2

39.8

13.6

GO arm
(n=135)

Control arm
(n=136)

Number of events, n (%) 73 (54.1) 102 (75.0)
Median time to event, months 
(95% CI) 17.3 (13.4–30.0) 9.5 (8.1–12.0)

HR (95% CI) 0.56 (0.42–0.76)
P-value 0.0002

GO 

Control

Adapted from Lambert et al. 2019
Modified intention-to-treat population; Data cut-off date: 1 August 2011
CI, confidence interval; GO, gemtuzumab ozogamicin; HR, hazard ratio
Lambert J et al. Haematologica 2019;104:113–119



ALFA-0701: Event-free survival by subgroup

Adapted from: Lambert et al. 2019. (Suppl.)
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EFS, event-free survival; GO, gemtuzumab ozogamicin
Lambert J et al. Haematologica 2019;104:113−119.(Suppl.)

Subgroup Hazard ratio (95% CI)
Primary EFS 0.56 (0.42–0.76)
Age, years
<60 0.52 (0.29–0.92)
≥60 0.56 (0.39–0.80)

Sex
Male 0.57 (0.37–0.88)
Female 0.55 (0.35–0.85)

ECOG PS
0–1 0.56 (0.41–0.78)
≥2 0.62 (0.26–1.51)

FLT3-ITD
Positive 0.33 (0.13–0.83)
Negative 0.51 (0.30–0.87)

Favours GO Favours control
0,1 1 10



ALFA-0701: Event-free survival by subgroup (cont’d)

Adapted from: Lambert et al. 2019. (Suppl.)
CI, confidence interval; EFS, event-free survival; ELN, European LeukemiaNet; GO, gemtuzumab ozogamicin
1. Lambert J et al. Haematologica 2019;104:113−119. (Suppl.); 2. Lambert J et al. Haematologica 2019;104:113−119

Subgroup1 Hazard ratio (95% CI)
Primary EFS 0.56 (0.42–0.76)
CD33 expression
<30% 0.52 (0.24–1.15)
≥30% 0.55 (0.37–0.83)
<70% 0.65 (0.36–1.15)
≥70% 0.50 (0.31–0.79)

Cytogenetics
Favourable/intermediate 0.46 (0.31–0.68)
Adverse 1.11 (0.63–1.95)

Risk based on ELN
Favourable 0.37 (0.17–0.85)
Intermediate 0.52 (0.33–0.83)
Favourable/intermediate 0.48 (0.32–0.72)
Poor/adverse 0.72 (0.43–1.20)

No apparent 
advantage in EFS 

with GO for patients 
with adverse 

cytogenetic risk2

0,1 1 10Favours GO Favours control



This advantage in EFS with GO was not apparent for patients 
with adverse cytogenetic risk

CI, confidence interval; EFS, event-free survival
Lambert J et al, Haematologica 2018
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No. at risk

GO 94 84 79 70 61 49 41 31 27 21 16 13 8 2 2 0

Control 95 77 73 56 41 27 16 11 9 4 4 2 1 0
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Adverse 

Survival time (months) Survival time (months)

GO
N=94

Control
N=95

Median time to event,
months 22.5 11.6

Hazard ratio (95% CI) 0.460 (0.313–0.676)
P-value <0.0001

GO
N=27

Control
N=30

Median time to event, months 4.5 2.8
Hazard ratio (95% CI) 1.111 (0.633–1.949)
P-value 0.7151



Benefit of GO according to ELN classification 

Fournier E et al, (Blood. 2020;135(8):542-546)

EFS according to ELN 2017 subgroups



ESMO 2020: Acute myeloid leukaemia in adult patients

M. Heuser et al, Annals of Oncology, Feb 2020



Age ≥ 60 years 
(candidate for intensive therapy)

Favorable-risk cytogenetics
• 7+3 or
• 7+3 and 3 total doses of MYLO* 3 mg/m2 given on Days 1, 4, and 7 if CD33-positive 
FLT3mt (ITD or TKD)
• 7+3 and midostaurin
Unfavorable-risk cytogenetics (exclusive of AML-MRC)
• Venetoclax and DEC or AZA or LDAC or
• Low-intensity therapy (AZA, DEC) 
Other recommendations for intermediate-/poor-risk disease
• 7+3
• 7+3 and 3 total doses of MYLO* 3 mg/m2 given on Days 1, 4, and 7 if CD33-positive, 

intermediate-risk AML
tAML, antecedent MDS/CMML, AML-MRC
• CPX-351

Age < 60 years

Favorable-risk cytogenetics
• 7+3 or
• 7+3 and 3 total doses of MYLO* 3 mg/m2 given on Days 1, 4, and 7 if 

CD33-positive 
Intermediate-risk cytogenetics and FLT3mt (ITD or TKD)
• 7+3 and midostaurin
Other recommendations for intermediate-/poor-risk disease
• 7+3 and 3 total doses of MYLO* 3 mg/m2 given on Days 1, 4, and 7 if 

CD33-positive, intermediate-risk AML
• Various chemotherapy regimens, including: 7+3 or 7+3 with cladribine or 

HiDAC with Ida or DNR or fludarabine, HiDAC, Ida, and G-CSF
tAML, antecedent MDS/CMML, AML-MRC
• 7+3 or CPX-351

In
du

ct
io

n

NCCN Guidelines Version 3. 2020. Acute Myeloid Leukemia

NCCN 2020: Treatment recommendations for newly diagnosed 
patients fit for intensive chemotherapy

MYLOTARG in combination with 7+3 is recommended for use in patients with CD33-positive AML 
with favorable-risk and intermediate-risk cytogenetics (both < and ≥ 60 years):

Induction:
• 7+3 and 3 total doses of MYLOTARG 3 mg/m2 (up to one 4.5 mg vial) given on Days 1, 4, and 7 



Benefit of GO according to mutation profile
ALFA-0701: Retrospective analysis of event-free survival by mutational profile 

Gene Number of 
patients Hazard ratio (95% CI)

Overall 235 0.68 (0.51–0.92)

NPM1 80 0.48 (0.28–0.83)

Si
gn

al
lin

g

FLT3-TKD 19 0.20 (0.05–0.78)

KRAS 19 0.27 (0.09–0.84)

FLT3-ITD 49 0.36 (0.18–0.72)

NRAS 33 0.43 (0.19–0.95)

Overall 117 0.43 (0.28–0.65)

M
et

hy
la

tio
n

IDH2 31 0.43 (0.16–1.17)

TET2 47 0.62 (0.33–1.18)

DNMT3A 67 0.70 (0.40–1.22)

IDH1 26 0.91 (0.41–2.02)

Overall 133 0.58 (0.39–0.87)
20.5

Favours GO Favours control
Adapted from Fournier et al. 2020
ALFA, Acute Leukemia French Association; CI, confidence interval; GO, gemtuzumab ozogamicin; ITD, internal tandem duplication; TKD, tyrosine kinase domain
Fournier E et al. Blood 2020;135:542–546



Benefit of GO and correlation with CD33 expression

Fournier E et al, (Blood. 2020;135(8):542-546)

The correlation between the HRs and CD33
expression on AML blasts. Each circle 
represents a subgroup of patients with a 
mutation. The size of each circle is 
proportional to the number of patients.



• different expression intensity (MFI) of CD33 between leukemic cells and normal myeloid cells

• CD34/CD33 expression in NPM1+ and NPM1- AML cells

De Propris MS et al. Haematologica 2011;96(10):1548-1551



Ehninger A et al. Blood Cancer J. 2014 Jun 13;4(6):e218

CD33 expression in AML



Higher MRD-negativity* rates in patients experiencing CR/CRp 
following GO (NPM1)

*MRD negative <0.1% NPM1mut copy number/ABL copy number × 100 (%); 
ABL, Abelson murine leukaemia viral oncogene homolog; CR, complete remission; CRp, complete remission with partial haematological recovery of peripheral blood counts; 
MRD, minimal residual disease; mutNPM1, mutant Nucleophosmin 1; NPM1, Nucleophosmin 1; pts, patients
Lambert J et al, Haematologica 2018
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Shwoerer et al. Blood. 2020;136(26):3041-3050

ü The AMLSG 09-09 trial was a prospective randomized study of the German-Austrian AML Study Group (AMLSG) for 
adult patients with newly diagnosed NPM1-mut AML eligible for intensive chemotherapy. Treatment on the Standard-
Arm included 2 cycles of induction therapy with ATRA, idarubicin, cytarabine, and etoposide, followed by up to 3 
consolidation cycles of high-dose cytarabine with ATRA. On the GO-Arm, GO was given on day 1 (3 mg/mq) during the 
2 induction cycles and the first consolidation cycle.



Shwoerer et al. Blood. 2020;136(26):3041-3050



5-yrs OS: 68%

5-yrs OS: 34%

5-yrs DFS: 64%

5-yrs DFS: 25%

Short NJ et al. JAMA 2020



Hills et al. Lancet Oncol 2014; 15: 986–96

ü a meta-analysis including 3325 patients from five open-label randomized phase III 
controlled trials (MRC AML15, NCRI AML16, SWOG S0106, GOELAMS-AML 2006 IR 
and ALFA-0701) highlighted the benefit of the addition of GO on the risk of relapse (RR)
and on OS (RR: OR: 0.81, 95% CI: 0.73–0.90, p = 0.0001; 5-year OS: OR: 0.90, 95% 
CI: 0.82–0.98, p = 0.01) 



Hills et al. Lancet Oncol 2014; 15: 986–96

Overall survival 
stratified by cytogenetic 
characteristics



ALFA-0701: Persistent thrombocytopenia and
platelet recovery

• Severe persistent thrombocytopenia was defined as platelet count <50,000/mm3 at 
45 days (after Day 1 of the respective treatment phase) in patients experiencing CRp

- 20 patients discontinued GO as a result of persistent thrombocytopenia*

Adapted from Lambert et al. 2019
*As per protocol, patients with platelets <100,000/mm3 14 days after the planned start date of their next treatment course were required to discontinue GO 
CRp, complete remission with incomplete platelet recovery; GO, gemtuzumab ozogamicin
Lambert J et al. Haematologica 2019;104:113–119

Laboratory abnormality GO arm Control arm

Severe persistent thrombocytopenia
Evaluable patients 108 101
Patients with persistent thrombocytopenia, n (%) 22 (20.4) 2 (2.0)

Median time to platelet recovery to 50,000/μl
During induction, days 34 29
During consolidation 1, days 32 27
During consolidation 2, days 36.5 30



ALFA-0701: AEs of special interest

GO arm 
(n=131),

n (%)

Control arm
(n=137),

n (%)

Infections:* Severe (Grade ≥3)1 102 (77.9) 106 (77.4)

Haemorrhage: All grades (Grade ≥1), total†1

Grade 3
Grade 4
Grade 5

118 (90.1)
23 (17.6)
4 (3.1)
3 (2.3)

107 (78.1)
12 (8.8)

0
1 (0.7)

VOD: All grades (Grade ≥1), total†1

Grade 3
Grade 4
Grade 5

6 (4.6)
2 (1.5)
1 (0.8)
2 (1.5)

2 (1.5)‡

1 (0.7)
1 (0.7)

0

Adapted from Lambert et al. 2019
As treated study population
Only severe (i.e., Grade ≥3) infections and all-grade haemorrhage, VOD and other AEs that led to permanent discontinuation of study drugs were collected and reported. 
AEs were graded in accordance with the NCI CTCAE v3.0 and coded by the MedDRA v18.0 dictionary1
*Infections refer to infections and infestations as defined for system organ class; †Coded MedDRA preferred terms for AEs indicating haemorrhage (standardised MedDRA 
queries for haemorrhage [excluding laboratory results] [narrow]) and VOD (includes the preferred term of veno-occlusive liver disease and VOD) were clustered2; ‡The 2 
patients in the control arm received GO during the follow-up phase of the study, as part of the compassionate use programme after having relapsed before developing VOD1
AE, adverse event; GO, gemtuzumab ozogamicin; MedDRA, Medical Dictionary for Regulatory Activities; NCI CTCAE, National Cancer Institute, Common Terminology 
Criteria for Adverse Events; VOD, veno-occlusive disease
1. Lambert J et al. Haematologica 2019;104:113–119; 2. Lambert J et al. Haematologica 2019;104:113–119 (Suppl.)



New GIMEMA AML1819 study (ELN2017 FR and IR pts, <60aa)
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