
Targeted therapies for AML: 
flt-3 and beyond

F. Ferrara
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Shallis RM et al, Blood Rev, 2019

>65yrs

Months since diagnosis

OS evolution over years in AML

• Refinement of supportive care          lower ID
• More older patients treated and better selection of 

them
• Lower TRM
• Increased allo-transplant rate up to 70-75 yrs.  
• Risk adpated treatment (ELN risk, MRD)



Curable AML:
Chemosensitive, GO

Less
curable AML:
Partially
chemosensitive,
need specific
inhibitor

Incurable AML:
Chemorefractory, 
Need for something
else, What ? 

Ferrara classification of AML

Ferrara F, unpublished





The Genomic Landscape of AML

• Cytogenetic analyses and 
sequencing of 111 myeloid 
cancer genes in AML patients (N 
= 1540)

• Identified 5234 driver 
mutations involving 
76 loci 

• 7 loci mutated in > 10% of 
patients; 12 loci in 5% to 10% of 
patients; 58 loci in < 5% of 
patients

Papaemmanuil E, et al. N Eng J Med. 2016;374:2209-2221.
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Speaker’s experience



Michelozzi IM et al. Cancers 2021, 13(11), 2816



The Hematologist, 2017



FLT3 Inhibitors

Midostaurin Sorafenib Quizartinib Gilteritinib Crenolanib

First Generation Second Generation

Levis. Blood. 2017;129:3404. Zarrinkar. Blood. 2009;114:2984.



RATIFY: Overall Survival

Stone. NEJM. 2017;377:454.

OS Subgroup Analysis

§ OS was significantly longer with midostaurin vs 
placebo group (HR: 0.78; P = .009)

§ 24.3% reduced risk of death in midostaurin arm

§ At 4 yr, 63.7% were alive in midostaurin arm vs 
55.7% in placebo arm

Median OS, Mo 
(95% CI)

Midostaurin 74.7 (31.5-NR)

Placebo 25.6 (18.6-42.9)

Stratified log-rank 1-sided P = .009
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RFS in Patients With CR
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QuANTUM-First: Relapse-Free Survival 

Erba. EHA 2022. Abstr S100. 

Cumulative Incidence of Relapse 
in Patients Who Achieved CR

Quizartinib 39.3
Placebo 13.6

HR: 0.613 (95% CI: 0.444-0.845)
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QuANTUM-First: OS (Primary Endpoint)
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60

∆mOS: 16.8 mo

HR: 0.776 (95% CI: 0.615-0.979); 2-sided P = .0324

Quizartinib 31.9
Placebo 15.1

Median OS, Mo

Median follow-up: 39.2 mo

Mo

Erba. EHA 2022. Abstr S100.



ADMIRAL: Gilteritinib Prolongs OS in mFLT3 R/R AML

Perl. Blood 2022;139:3366.

OS Rate, %
Gilteritinib 
(n = 247)

Salvage CT 
(n = 124)

1 yr 36.6 19.2

2 yr 20.6 14.2
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FLT3 inhibition – future perspectives

Frontline + 3+7 Frontline unfit Post-transplant R/R

FLT3i Quizartinib
Crenolanib
Gilteritinib

Time for triplets?

Gilteritinib + VEN 
+ HMA
Quizartinib + VEN 
+ HMA

Gilteritinib –
MORPHO study
Quizartinib
Crenolanib

Novel FLT3i 
(MKIA-088-001-
Nerviano)

Triplets vs 
doublets: TKI+AZA 
+/- VEN

Quizartining and crenolanib are NOT APPROVED by EMA for use in AML
Gilteritinib in association to AZA and Venetoclax is NOT APPROVED by EMA for use in AML



Zarnegar-Lumley S. et al. 2022 Aug;36(8):1951-1960
Nivolumab, IMGN632, Tagraxofsup, Magrolimab, Isatuximab, ALRN-6924, Talazoparib, Pevonedistat, Uproselan are NOT APPROVED by EMA for use in AML
Venetoclax in association to HiDAC, selinexor, idasanutlin or FLA+GO is NOT APPROVED by EMA for use in AML



Limongello R et al. Front Immunol 2021 Aug 3



Fleischmann M et al. Cancers 2021, 13, 5722



Marvin-Peek J et al. Cancers 2022, 14, 497



Marvin-Peek J et al. Cancers 2022, 14, 497



Gallazzi et al, Int J Mol Sci, 2022



Gallazzi et al, Int J Mol Sci, 2022



Lachowiez C A et al. Ther Adv Hematol 2022, Vol. 13: 1–15



219 Long-Term Follow-up of the Phase 3 Viale-A Clinical Trial of Venetoclax Plus Azacitidine for 
Patients with Untreated Acute Myeloid Leukemia Ineligible for Intensive Chemotherapy

Pratz et al. ASH 2022, OP



Aiba et al, Ann Hemat, 2023



222 Reduced Venetoclax Exposition to Seven Days of Azacitidine Is Efficient in 
Treatment-Naïve Patients with Acute Myeloid Leukemia

Willekens et al. ASH 2022, OP



Marconi et al, ASH 2022

710 Gimema AML1718 Part 1: Planned Interim Analysis of a Safety Run-in and Phase 2 Open-
Label Study of Venetoclax, Fludarabine, Idarubicin and Cytarabine (V-FLAI) in the Induction
Therapy of Non Low-Risk Acute Myeloid Leukemia



Front Oncol, 2022



Maiti et al, Haematologica, 2020



Ferrara F, BCJ, 2020



Front Oncol, , 2022



Practical Take-homes on VEN + AZA Therapy in AML

§ VEN/AZA remains optimal approach for newly diagnosed AML not suitable 
for intensive therapy, irrespective of cytogenetic or molecular features at 
this time

‒ Generally well tolerated, with 30-day mortality of 6% to 7%

‒ Prolonged neutropenia compared with AZA alone

‒ Early bone marrow assessment (EOC1) with VEN interruption and shortened 
VEN duration for count recovery is recommended

§ Responses are quick, with a median time to response of 1 mo

‒ Therapy is indefinite

‒ Flow MRD negative status predicts for improved DoR and OS 
Pratz. JCO. 2022;40:855. Pratz. ASH 2020. Abstr 1944. 



How to further improve therapeutic results of VEN/HMA combination ?

Add additional tergeted therapies to VEN/HMA backbone, (eg. Triplets)

vHMA/VEN + FLT3 inhibitor

vHMA/VEN + MoAbs (GO; sabatolimab, magrolimab, BITES)

vHMA/VEN + any other investigational targeted therapy



Speaker suggestion

VEN + HMA 
+ third agent

ICT
Y/A with UK 

and/or tp53+

AZA/IVO
IDH1 mut

3 + 7 + Mido
FLT3  

HMA 
Poor PS

ICT
CBF and NPM1

in older pts

Ongoing competition

Vyxeos
s-AML 

LDARA-C +
Glasdegib



AGILE: Study Design

Event Free Survival (EFS)

with ~173 events (52 months)

Primary Endpoint

Placebo PO QD, days 1-28 + 
Azacitidine 75 mg/m2 SC or IV, days 1-7

Placebo Arm (n=100)

Ivosidenib 500 mg PO QD, days 1-28 +
Azacitidine 75 mg/m2 SC or IV, days 1-7

Ivosidenib Arm (n=100)

RANDOMIZATION1:1

Stratified by 
geographic region & de

novo status*

Double-blind (n=200)

• Geographic regions: US/Canada; Western Europe, 
Israel & Australia; Japan; and ROW

• De novo status – De novo v/s secondary

OS ·
Clinical Response 

(CR, CR+CRh, ORR)

Secondary Endpoint

IVO+AZA Combination Therapy in 1L IC-Ineligible AML Patients with an IDH1 mutation
A Global, Phase 3 Trial

20 Countries

Montesinos P, Recher C, Vives S, Zarzycka E, Wang J, Bertani G, Heuser M, Calado RT, Schuh AC, Yeh SP, Daigle SR. 
Ivosidenib and Azacitidine in IDH1-Mutated Acute Myeloid Leukemia. New England Journal of Medicine. 2022 Apr 
21;386(16):1519-31.



Primary Endpoint: Event Free Survival

Montesinos P, Recher C, Vives S, Zarzycka E, Wang J, Bertani G, Heuser M, Calado RT, Schuh AC, Yeh SP, Daigle SR. Ivosidenib and Azacitidine in IDH1-
Mutated Acute Myeloid Leukemia. New England Journal of Medicine. 2022 Apr 21;386(16):1519-31.



Secondary Endpoints: Overall Survival & Response Rates
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Overall Survival (OS)

IVO+AZA

PBO+AZA

censored

censored

72 58 53 42 38 33 29 24 21 19 15 12 7 5 4 3 3 1

74 53 38 29 23 21 15 13 10 9 6 6 4 4 4
Patients at risk

0.56

0.73

0.63

0.37

0.61

0.26

HR=0.44
95% CI 0.27–0.73

P=0.001 (two-sided) 

Abbreviations: AZA, azacitidine; CI, confidence interval; EFS, event-free survival; CR(i), complete response (with incomplete hematologic recovery); 
EFS, event-free survival; HR, hazard ratio; IVO, ivosidenib; PBO, placebo 

Median OS
IVO+AZA: 24.0 months
PBO+AZA: 7.9 months 

Abbreviations: ORR Overall Response rate; CR Complete response; 
CRh complete response with partial hematologic recovery; IVO 
Ivosidenib; PBO placebo; AZA Azacitidine; CI Confidence interval

Montesinos P, Recher C, Vives S, Zarzycka E, Wang J, Bertani G, Heuser M, Calado RT, Schuh AC, Yeh SP, Daigle SR. Ivosidenib and Azacitidine in IDH1-
Mutated Acute Myeloid Leukemia. New England Journal of Medicine. 2022 Apr 21;386(16):1519-31.



§ Accumulating evidence, both clinical and molecular: AML and MDS with mutated TP53 represent a 
distinct molecular disease entity

Mutated TP53 in AML and MDS With Excess Blasts

Grob. Blood. 2022;139:2347.
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Agent/Regimen Study Phase
Patients 

With TP53
Mutation, n

Response, % CR Rate, % mOS, Mo

AZA or decitabine II; retrospective 22 CR/CRi: 22-38 13-22 2.1-7.3
VEN + AZA or 5-day decitabine Ib/II, III 36, 54 CR/CRi: 47, 41 NR, 20 4.9-7.2
VEN + 10-day decitabine II; post hoc 26 ORR: 77 48 5.4
Magrolimab + AZA Ib 72 CR/CRi: 49 33 10.8
Magrolimab + VEN + AZA Ib/II 14 ORR: 86 64 NR
Eprenetapopt + AZA Ib/II 18 ORR: 33 17 10.4
Sabatolimab + HMA Ib 5 CR/CRi: 40 20 DoR: 6.4
SGN-CD33A ± HMA I/II 7 CR/CRi: 86 NR NA
Nivolumab + intensive 
chemotherapy Post hoc 4 ORR: 50 NA NA

Intensive chemotherapy Retrospective Various ORR: 47-55 45-55 6.8-8.8
Low-intensity chemotherapy Retrospective Various ORR: 14-50 36 6.7-9.0

Outcomes for Newly Diagnosed TP53-Mutated AML

Daver. Cancer Discov. 2022;12:2516.



Magrolimab in Combination With AZA Demonstrated 
Encouraging Response Rates in TP53mut AML

Efficacy Endpoints (Intention-to-Treat Analysis)

§ CR was achieved by 33.3% of patients, with one half of patients with CR being MRD negative
§ 30 (41.7%) patients achieved CR/CRi 
§ 29.7% and 45.8% of baseline transfusion-dependent patients converted to RBC and platelet transfusion independence

Outcome TP53mut (n = 72)

ORR, n (%)
§ CR
§ CRi/CRh
§ PR
§ MLFS

45 (48.6)
24 (33.3)

6 (8.3)
4 (5.6)
1 (1.4)

Median DoR, mo 8.7

Median DCR, mo 7.7

Median TOR, mo 2.0

Median TCR, mo 3.0

CCyR, n/N (%) 10/31 (32.3)

MRD negativity in CR, n/N (%) 12/24 (50)

Median PFS, mo 7.3

Median OS, mo 10.8 

Overall Survival With and Without SCT

Patients at Risk, n
SCT 9 9 9 9 8 7 5 3 3 2 2 2 1 1 1 1 1 1 1 1 0 

No SCT 63 47 40 36 29 20 14 7 4 2 1 0

Mo

SCT

Group N Events Median OS (95% CI)
SCT 9 2 NR (10.8-NR)
No SCT 63 48 8.4 (5.6-12.0)

No SCT
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Phase Ib Trial of Azacitidine, Venetoclax, and 
Magrolimab in AML: Efficacy

Daver. ASH 2021. Abstr 371.

Outcome
ND Cohort (n = 25) R/R Cohort (n = 23)

TP53mut (n = 14) TP53wt (n = 11) VEN Naive (n = 8) Prior VEN (n = 15)

ORR, n (%)
§ CR/CRi
§ CR
§ CRi
§ MLFS/PR

12 (86)
9 (64)
9 (64)

0
3 (21)

11 (100)
10 (91)
7 (64)
3 (27)
1 (9)

6 (75)
5 (63)
3 (38)
2 (25)
1 (13)

3 (20)
3 (20)

0
3 (20)

0

MRD neg,* n/N (%) 5/9 (55) 4/9 (45) 2/6 (33) 0

CCyR, n/N (%) 4/9 (44) 5/6 (83) 3/5 (60) 1/2 (50)

No response 2 (14) 0 2 (25) 12 (80)

Time to first response, mo 0.7 (0.6-1.9) 0.7 (0.7-1.5) 0.7 (0.6-4.1) 2.2 (1.8-2.6)

Time to best response, mo 1.5 (0.7-3.2) 1.1 (0.7-2.9) 1.5 (1.0-4.1) 2.0 (1.2-3.9)

Time to ANC >500, days 28 (20-41)

Time to plts >50,000, days 24 (18-41)

8-wk mortality, n (%) 0 0 1 (13) 3 (20)
*By flow cytometry.



ENHANCE-2 Trial: Magrolimab + Azacitidine vs 
Physician’s Discretion in Frontline TP53-Mutated AML
§ Randomized, open-label phase III study of magrolimab + azacitidine 

Adult treatment-
naive AML patients; 
≥1 TP53 mutation 

(not benign or 
likely benign)*

(planned N = 346)

Magrolimab + Azacitidine

Cytarabine + Daunorubicin

Venetoclax + Azacitidine

§ Primary endpoint: OS in patients 
appropriate for nonintensive 
treatment

§ Key secondary endpoints (in all 
patients): OS, EFS, transfusion 
independence, CR, CR MRD-

Stratified by eligibility for non-intensive vs intensive therapy, 
age <75 vs ≥75 yr, and geographic region

*Minimum of 228 patients with 
TP53mut AML appropriate for 
nonintensive treatment.

Daver. EHA 2022. Abstr P551. NCT04778397.



ENHANCE-3 Trial: Firstline Magrolimab + VEN + AZA vs 
VEN + AZA in Patients Ineligible for Intensive Treatment
§ Randomized, double-blind, placebo-controlled phase III study

§ Primary endpoints: CR, OS

§ Key secondary endpoints: CR MRD-, CR + CRh, duration of CR, duration of 
CR + CRh, transfusion independence, EFS, QoL/PRO

Adult patients with 
treatment-naive AML 

unfit to receive intensive 
treatment due to age 

(≥75 yr) or comorbidities
(planned N = 432)

Magrolimab + Venetoclax + Azacitidine

Placebo + Venetoclax + Azacitidine

Daver. EHA 2022. Abstr P550. NCT05079230.





AUGMENT-101: Baseline Characteristics

Issa. ASH 2022. Abstr 63.

Characteristic Safety Population 
(N = 68*)

Median age, yr (range)
§ Adult (n = 60)
§ Pediatric (n = 8)

42.5 (0.8-79)
50.5
2.5

Female, n (%) 42 (62)

Leukemia type, n (%)
§ AML
§ ALL
§ MPAL

56 (82)
11 (16)

1 (2)

Median prior therapies, n (range)
§ Stem cell transplant, n (%)
§ Venetoclax, n (%)

4 (1-12)
31 (46)
41 (60)

Characteristic Safety Population 
(N = 68*)

KMT2Ar, n (%)
§ t(9;11)
§ t(11;19)
§ t(4;11)
§ t(6;11)
§ t(11;17)
§ Other

46 (68)
10 (15)
9 (13)
6 (9)
3 (4)
2 (3)

16 (24)

mNPM1, n (%) 14 (21)

KMT2a and NPM1 WT, n (%) 8 (12)

Co-occurring mutations, n (%)†

§ FLT3
§ RAS
§ TP53

14 (25)
12 (29)
4 (10)

*Safety population included patients who received ≥1 dose of revumenib. 
†In patients for whom co-occurring mutation data were available.



Issa et al, Nature, 2023



AUGMENT-101: OS

Issa. ASH 2022. Abstr 63. Reproduced with permission.

Revumenib 
(n = 60)

Median OS, mo (95% CI) 7.0 (4.3-11.6)

Pr
ob

ab
ili

ty
 o

f O
ve

ra
ll 

Su
rv

iv
al

0.0

0.2

0.4

0.6

0.8

1.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Months

60 57 53 41 35 25 25 23 21 20 19 16 12 12 10 9 7 5 2 2 2 1 0At Risk

Censored



AUGMENT-101: DoR

Issa. ASH 2022. Abstr 63. Reproduced with permission.

CR/CRh Responders
Revumenib 

(n = 18)

Median TTR, mo (range) 1.9 (0.9-4.9)
Median DoR (95% CI)          9.1 (2.7-NR) 
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The future in AML is bright

A lot more

CAR-T cells

Menin 
inhibitors

Micro
environment 

CD-123 
targeting

Regulators 
of apoptosis

NK cellular 
therapy

Check-point
inhibition

BiTEs

KO-530 phase I: NPM1mut 

and KMT2A rearranged AML

BCL-2 and BCL-XL dual inhibitor
MDM2 inhibitors

Anti-CD123 Ab drug-conjugate: 
Tagraxofusp
IMGN-636

E-selectin antagonist: 
Uproleselan (GMI-1271)

Beyond CD33/CD123 targeting:
CLL1, IL1RAP, TIM3, CD70 

Speaker’s opinion
Tagraxofsup and Uproselan are NOT APPROVED by EMA for use in AML



Therapeutic algorithm of AML in 2032
Diagnosis and classification (WHO 2031)

Molecular screening (24 h)

Druggable mutation

2-3 specific inhibitors

(screening for mutation associated resistance in CR)

If yes
Insert specific reverter or

immunotherapy (CART- Moabs)

No druggable mutation

Immunotherapy

No chemotherapy, no SCT Monitor MRD (1x10-10)
Consider Immunotherapy

Monitor MRD (1x10-10)

Switch to alternative immunotherapy

Speaker’s opinion



E’ IL 2035…

• Ormai guidiamo solo auto elettriche

• Il Napoli ha vinto 8 scudetti consecutivi e 3 champions

• Nella sala di attesa dell’Ematologia i pazienti vengono accolti da 

ALEXA…

• Non più chemioterapia e trapianto allogenico per AML 

• L’Italia avrà un governo serio ? Tutti gli italiani pagheranno le tasse?


