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AML a disease of recurrent genetic mutations

• Prognostic

• Targets for therapy



Large chromosomal changesCytogenetics/FISH
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Mutations, small insertions, deletions (Molecular)
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Mutations in 
AML
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Prognostic impact of mutations (mostly with chemo)

Pappaemmanuil
et al. NEJM 2016
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Most leukemias have multiple mutations

• This makes assessing risk a 
little harder

• Targeted treatment is also
more challenging

• Need better combinations

Clinical trials  
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We have made progress –
9 drugs approved in AML since 2017!

April 
2017

August 
2017

September 
2017

July 
2018

November 
2018

September 
2020

• Enasidenib
• Vyxeos

• Midostaurin 
with 7+3

• Ivosidenib

• Mylotarg

• Onureg
(oral aza)

• Gilteritinib
• Venetoclax + HMA
• Glasdegib + LDAC

Next challenge: how best to mix and match for different types of AML patients



FLT3 inhibitors

• Slow down leukemia cell growth



FLT3 is the most common 
mutation in AML

Pappaemmanuil et al. NEJM 2016TCGA. NEJM 2013

Tyner et al. Nature 2018



FLT3 mutations drive leukemia cell growth

Fletcher L., et al., Cancer Manag Res, 2020.

Internal Tandem 
Duplications (ITDs)

~20-30%

Point Mutations (TKDs) 
(e.g., D835)

~5-10% Rapid cell growth

• Many inhibitors of FLT3 
developed

• FLT3 inhibitors block 
leukemia cell growth

• Can often get rapid 
responses
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BACKGROUND
Patients with relapsed or refractory acute myeloid leukemia (AML) with mutations 
in the FMS-like tyrosine kinase 3 gene (FLT3) infrequently have a response to sal-
vage chemotherapy. Gilteritinib is an oral, potent, selective FLT3 inhibitor with 
single-agent activity in relapsed or refractory FLT3-mutated AML.

METHODS
In a phase 3 trial, we randomly assigned adults with relapsed or refractory FLT3-
mutated AML in a 2:1 ratio to receive either gilteritinib (at a dose of 120 mg per 
day) or salvage chemotherapy. The two primary end points were overall survival 
and the percentage of patients who had complete remission with full or partial 
hematologic recovery. Secondary end points included event-free survival (freedom 
from treatment failure [i.e., relapse or lack of remission] or death) and the percent-
age of patients who had complete remission.

RESULTS
Of 371 eligible patients, 247 were randomly assigned to the gilteritinib group 
and 124 to the salvage chemotherapy group. The median overall survival in the 
gilteritinib group was significantly longer than that in the chemotherapy group 
(9.3 months vs. 5.6 months; hazard ratio for death, 0.64; 95% confidence interval 
[CI], 0.49 to 0.83; P<0.001). The median event-free survival was 2.8 months in the 
gilteritinib group and 0.7 months in the chemotherapy group (hazard ratio for 
treatment failure or death, 0.79; 95% CI, 0.58 to 1.09). The percentage of patients 
who had complete remission with full or partial hematologic recovery was 34.0% 
in the gilteritinib group and 15.3% in the chemotherapy group (risk difference, 
18.6 percentage points; 95% CI, 9.8 to 27.4); the percentages with complete remis-
sion were 21.1% and 10.5%, respectively (risk difference, 10.6 percentage points; 
95% CI, 2.8 to 18.4). In an analysis that was adjusted for therapy duration, adverse 
events of grade 3 or higher and serious adverse events occurred less frequently in 
the gilteritinib group than in the chemotherapy group; the most common adverse 
events of grade 3 or higher in the gilteritinib group were febrile neutropenia 
(45.9%), anemia (40.7%), and thrombocytopenia (22.8%).

CONCLUSIONS
Gilteritinib resulted in significantly longer survival and higher percentages of pa-
tients with remission than salvage chemotherapy among patients with relapsed or 
refractory FLT3-mutated AML. (Funded by Astellas Pharma; ADMIRAL ClinicalTrials 
.gov number, NCT02421939.)

A BS TR AC T

Gilteritinib or Chemotherapy for Relapsed 
or Refractory FLT3-Mutated AML

A.E. Perl, G. Martinelli, J.E. Cortes, A. Neubauer, E. Berman, S. Paolini, 
P. Montesinos, M.R. Baer, R.A. Larson, C. Ustun, F. Fabbiano, H.P. Erba, 

A. Di Stasi, R. Stuart, R. Olin, M. Kasner, F. Ciceri, W.-C. Chou, N. Podoltsev, 
C. Recher, H. Yokoyama, N. Hosono, S.-S. Yoon, J.-H. Lee, T. Pardee, A.T. Fathi, 

C. Liu, N. Hasabou, X. Liu, E. Bahceci, and M.J. Levis  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org on July 8, 2020. For personal use only. No other uses without permission. 
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Gilteritinib for relapsed/refractory AML



Gilteritinib superior to chemotherapy,
but eventually leukemia cells become resistant

n engl j med 381;18 nejm.org October 31, 20191734
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9.3 months
5.6 months

Perl et al. NEJM 2019

Combine FLT3 inhibitors with chemotherapy to kill residual leukemia cells?



FLT3 inhibitors with chemotherapy
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 377;5 nejm.org August 3, 2017454
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N Engl J Med 2017;377:454-64.
DOI: 10.1056/NEJMoa1614359
Copyright © 2017 Massachusetts Medical Society.

BACKGROUND
Patients with acute myeloid leukemia (AML) and a FLT3 mutation have poor outcomes. 
We conducted a phase 3 trial to determine whether the addition of midostaurin — 
an oral multitargeted kinase inhibitor that is active in patients with a FLT3 mutation 
— to standard chemotherapy would prolong overall survival in this population.
METHODS
We screened 3277 patients, 18 to 59 years of age, who had newly diagnosed AML 
for FLT3 mutations. Patients were randomly assigned to receive standard chemo-
therapy (induction therapy with daunorubicin and cytarabine and consolidation 
therapy with high-dose cytarabine) plus either midostaurin or placebo; those who 
were in remission after consolidation therapy entered a maintenance phase in 
which they received either midostaurin or placebo. Randomization was stratified 
according to subtype of FLT3 mutation: point mutation in the tyrosine kinase do-
main (TKD) or internal tandem duplication (ITD) mutation with either a high 
ratio (>0.7) or a low ratio (0.05 to 0.7) of mutant to wild-type alleles (ITD [high] 
and ITD [low], respectively). Allogeneic transplantation was allowed. The primary 
end point was overall survival.
RESULTS
A total of 717 patients underwent randomization; 360 were assigned to the mi-
dostaurin group, and 357 to the placebo group. The FLT3 subtype was ITD (high) 
in 214 patients, ITD (low) in 341 patients, and TKD in 162 patients. The treatment 
groups were well balanced with respect to age, race, FLT3 subtype, cytogenetic 
risk, and blood counts but not with respect to sex (51.7% in the midostaurin group 
vs. 59.4% in the placebo group were women, P = 0.04). Overall survival was sig-
nificantly longer in the midostaurin group than in the placebo group (hazard ratio 
for death, 0.78; one-sided P = 0.009), as was event-free survival (hazard ratio for 
event or death, 0.78; one-sided P = 0.002). In both the primary analysis and an 
analysis in which data for patients who underwent transplantation were censored, 
the benefit of midostaurin was consistent across all FLT3 subtypes. The rate of 
severe adverse events was similar in the two groups.
CONCLUSIONS
The addition of the multitargeted kinase inhibitor midostaurin to standard chemo-
therapy significantly prolonged overall and event-free survival among patients with 
AML and a FLT3 mutation. (Funded by the National Cancer Institute and Novartis; 
ClinicalTrials.gov number, NCT00651261.)

A BS TR AC T

Midostaurin plus Chemotherapy for Acute 
Myeloid Leukemia with a FLT3 Mutation

R.M. Stone, S.J. Mandrekar, B.L. Sanford, K. Laumann, S. Geyer, C.D. Bloomfield, 
C. Thiede, T.W. Prior, K. Döhner, G. Marcucci, F. Lo-Coco, R.B. Klisovic, A. Wei, 

J. Sierra, M.A. Sanz, J.M. Brandwein, T. de Witte, D. Niederwieser, F.R. Appelbaum, 
B.C. Medeiros, M.S. Tallman, J. Krauter, R.F. Schlenk, A. Ganser, H. Serve, 

G. Ehninger, S. Amadori, R.A. Larson, and H. Döhner  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org on July 8, 2020. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



RATIFY trial for FLT3 ITD and TKD 

Patients at Risk, n

• Midostaurin is a FLT3 
inhibitor

• Multikinase inhibitor 
(first generation)

• Less potent than 
gilteritinib and other 
FLT3 inhibitors

Stone et al. NEJM 2017

More potent FLT3 inhibitors work better with chemotherapy?



More FLT3 inhibitors being tested in combination

• 7+3 + quizartinib
• Started prior to approval of midostaurin
• Results reported at EHA 2022

• 7+3 + gilteritinib vs midostaurin
• Phase 1 reported – high CR rate
• Phase 3 ongoing

• 7+3 + crenolanib vs midostaurin
• Phase 2 reported – high CR rate
• Phase 3 ongoing



7+3 with Quizartinib

Erba et al. EHA 2022 Abstract 100

• Improved OS

• Only for FLT3 ITD 
mutations

• Similar side effects seen
with previous trials
• Neutropenia
• QTc prolongation

• Submitted to FDA



What about FLT3 inhibitors and 
hypomethylating agents?

Key Eligibility Criteria
§ Newly diagnosed FLT3mut+ AML
§ Not eligible for intensive induction chemotherapy

Gilteritinib + Azacitidine Gilt 120 mg PO daily, days 1 to 
28, Aza 75 mg/m2 IV or SUBQ daily, days 1 to 7
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Gilteritinib 120 mg PO daily on days 1 to 28

2:1*

Azacitidine (Aza) 75 mg/m2 IV or SUBQ daily, days 1 to 7

Administered over 28-day cycles

Wang et al. ASH 2021 Abstract 700 Median follow-up: 9.76 months for GILT/AZA and 17.97 months for AZA

Events/N Median (95% CI)
GILT/AZA 39/74 9.82 (7.56, 12.55) months
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P = .753
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No significant OS difference observed with GILT+AZA vs. AZA

Unclear why the combination did not perform better than azacitidine alone



IDH inhibitors

• Promote leukemia cell maturation (differentiation)



IDH1/2 mutations interfere with DNA methylation

• IDH mutations cause 
production of 2-HG 
instead of a-KG

• 2-HG inhibits TET2 and 
methylation of DNA

• This blocks normal 
maturation of white blood 
cells 

• Drugs developed to block 
the mutated IDH1 or IDH2 
proteins

Prensner JR and Chinnaiyan AM. Nature Medicine 2011
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IDH mutations block maturation 

IDH mutations prevent 
maturation, leading to 
immature blasts

STOP
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IDH inhibitors release the blockade

IDH inhibitors allow 
maturation to resume, 
creating mature cells

GO



Enasidenib – IDH2 inhibitor



Enasidenib in R/R 
AML (IDH2 inhibitor)

Stein et al. Blood 2017

• Enasidenib improves 
survival 

• CR/CRh ~30%

• Improved production of 
blood cells

• Much less toxic than 
chemotherapy 



• Very tolerable overall

• Elevated bilirubin

• IDH differentiation 
syndrome
– 15-20% of patients
– Tends to occur 1-2 

months into therapy



Ivosidenib – IDH1 inhibitor



Ivosidenib in R/R 
AML (IDH1 inhibitor)

DiNardo et al. NEJM 2018

• Ivosidenib also 
improves survival 

• CR/CRh rate ~30%

• Good toxicity profile



Differentiation effect

• Bump in neutrophils 
between month 1-2
– Correlates with IDH 

differentiation syndrome

• Slow decrease in blasts 
and rise in Hg

• Many patients achieved 
transfusion independence



How to improve responses with IDH inhibitors?
• Combine with chemotherapy
– Frequently found with NPM1 mutations
– Enasidenib and ivosidenib both being tested with 7+3 
– Reduce relapse?

• Combine with hypomethylating agents
– Increased response rates with azacytidine: CR rates >50%
– Aza + enasidenib

• LLS study on Beat AML trial
– Aza + ivosidenib (NEJM)

• LLS study on Beat AML trial



Azacitidine + IvosidenibT h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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BACKGROUND
The combination of ivosidenib — an inhibitor of mutant isocitrate dehydrogenase 1 
(IDH1) — and azacitidine showed encouraging clinical activity in a phase 1b trial 
involving patients with newly diagnosed IDH1-mutated acute myeloid leukemia.
METHODS
In this phase 3 trial, we randomly assigned patients with newly diagnosed IDH1-
mutated acute myeloid leukemia who were ineligible for intensive induction che-
motherapy to receive oral ivosidenib (500 mg once daily) and subcutaneous or 
intravenous azacitidine (75 mg per square meter of body-surface area for 7 days in 
28-day cycles) or to receive matched placebo and azacitidine. The primary end 
point was event-free survival, defined as the time from randomization until treat-
ment failure (i.e., the patient did not have complete remission by week 24), relapse 
from remission, or death from any cause, whichever occurred first.
RESULTS
The intention-to-treat population included 146 patients: 72 in the ivosidenib-and-
azacitidine group and 74 in the placebo-and-azacitidine group. At a median follow-
up of 12.4 months, event-free survival was significantly longer in the ivosidenib-
and-azacitidine group than in the placebo-and-azacitidine group (hazard ratio for 
treatment failure, relapse from remission, or death, 0.33; 95% confidence interval 
[CI], 0.16 to 0.69; P = 0.002). The estimated probability that a patient would remain 
event-free at 12 months was 37% in the ivosidenib-and-azacitidine group and 12% 
in the placebo-and-azacitidine group. The median overall survival was 24.0 months 
with ivosidenib and azacitidine and 7.9 months with placebo and azacitidine (hazard 
ratio for death, 0.44; 95% CI, 0.27 to 0.73; P = 0.001). Common adverse events of 
grade 3 or higher included febrile neutropenia (28% with ivosidenib and azaciti-
dine and 34% with placebo and azacitidine) and neutropenia (27% and 16%, respec-
tively); the incidence of bleeding events of any grade was 41% and 29%, respectively. 
The incidence of infection of any grade was 28% with ivosidenib and azacitidine 
and 49% with placebo and azacitidine. Differentiation syndrome of any grade oc-
curred in 14% of the patients receiving ivosidenib and azacitidine and 8% of those 
receiving placebo and azacitidine.
CONCLUSIONS
Ivosidenib and azacitidine showed significant clinical benefit as compared with 
placebo and azacitidine in this difficult-to-treat population. Febrile neutropenia 
and infections were less frequent in the ivosidenib-and-azacitidine group than in 
the placebo-and-azacitidine group, whereas neutropenia and bleeding were more 
frequent in the ivosidenib-and-azacitidine group. (Funded by Agios Pharmaceuti-
cals and Servier Pharmaceuticals; AGILE ClinicalTrials.gov number, NCT03173248.)

A BS TR AC T

Ivosidenib and Azacitidine in IDH1-Mutated 
Acute Myeloid Leukemia

Pau Montesinos, M.D., Ph.D., Christian Recher, M.D., Ph.D., Susana Vives, M.D., 
Ewa Zarzycka, M.D., Jianxiang Wang, M.D., Giambattista Bertani, M.D., 

Michael Heuser, M.D., Rodrigo T. Calado, M.D., Ph.D., Andre C. Schuh, M.D., 
Su-Peng Yeh, M.D., Scott R. Daigle, M.S., Jianan Hui, Ph.D., Shuchi S. Pandya, M.D., 
Diego A. Gianolio, Ph.D., Stephane de Botton, M.D., Ph.D., and Hartmut Döhner, M.D.  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at Oregon Health & Science University Library on September 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



Improved overall survival
• CR in 53% of 

patients with aza
+ ivo

• Differentiation 
syndrome in 14% 

• Median survival of 
24 months

n engl j med 386;16 nejm.org April 21, 20221526
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Similar responses found with enasidenib + aza

• Few different studies

• Combination has improved response

• Different approaches to combination



Venetoclax

• Sensitize leukemia cells to other drugs



Venetoclax – makes AML cells more prone to die

with coexisting medical conditions (CIRS > 6). Response was
obtained by all patients, with 66% (8/12) of patients obtain-
ing CR and neither progression nor death at 15 months of
treatment monitored [61]. Early results of phase 2 study in

RR CLL (median of two previous therapies) suggest a potent
synergy between ibrutinib and venetoclax (ORR and CR were
100% [38/38] and 47% [18/38], respectively) with accept-
able toxicity and TLS only in two patients thus far [62]. Similar

Table 6. Chemotherapeutic and targeted agents, monoclonal antibodies, and combined regimens

Chemical name Agent Pharmacology Regimen

Rituximab mAb, anti-CD20 Induction of CDC, ADCC FCR, BR, R-CHOP, RClb
Obinutuzumab mAb, anti-CD20 Induction of direct cell death, ADCC, ADCP, CDC R-CHOP, G-CHOP
Cyclophosphamide Alkylating agent Inhibition of DNA synthesis R-CHOP, G-CHOP
Chlorambucil Alkylating agent Inhibition of DNA synthesis RClb
Bendamustine Alkylating agent Inhibition of DNA and RNA synthesis, Induction of

apoptosis, activation of p53
BR

Doxorubicin Anthracycline antibiotic Inhibition of DNA and RNA synthesis R-CHOP, G-CHOP
Cytarabine Antimetabolite—pyrimidine analogue Inhibition of DNA polymerase LDAC
Fludarabine Antimetabolite—purine analogue Inhibition of DNA polymerase and ribonucleotide

reductase
FCR

5-azacytidine Antimetabolite—pyrimidine analogue,
demethylation agent

Hypomethylation of DNA, impairment of trna 5-Aza

Decitabine Antimetabolite -cytidine analogue, demethylation
agent

Hypomethylation of DNA, arrest of DNA synthesis Decitabine

Vincristine Vinca alkaloid Arrest tumor cells in metaphase R-CHOP, G-CHOP
Dexamethasone Synthetic glucocorticoid Inhibition of DNA synthesis VD
Prednisone Synthetic glucocorticoid Inhibition of DNA synthesis R-CHOP, G-CHOP
Ibrutinib B-cell receptor inhibitor Inhibition of Bruton’s tyrosine kinase Ibrutinib
Idelalisib B-cell receptor inhibitor Inhibition of Phosphatidylinositol 3-kinase Idelalisib
Venetoclax Inhibitor of anti-apoptotic proteins BCL2 inhibitor Venetoclax
Bortezomib Proteasome inhibitor Inhibition of the 26S proteasome VD

R-CHOP = rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone, G-CHOP = obinutuzumab, cyclophosphamide, doxorubicin, vincristine, pred-
nisone, FCR = fludarabine, cyclophosphamide, rituximab, RClb = rituximab, chlorambucil, BR = bendamustin, rituximab, LDAC = low-dose cytarabine,
VD = bortezomib, dexamethasone, 5-Aza = 5-azacytidine, CDC = complement-dependent cytotoxicity, ADCC = antibody-dependent cellular cytotoxicity, ADCP = an-
tibody-dependent cellular phagocytosis, mAb = monoclonal antibody.

Figure 1. In cancer cells, the anti-apoptotic protein BCL22 sequesters and blocks the function of BH3-only pro-apoptotic proteins (e.g., BIM) and therefore
prevents apoptosis. The BH3-only mimetic compound venetoclax displaces and reactivates pro-apoptotic proteins bound to the BH3-binding groove of BCL2.
Consequently, released pro-apoptotic proteins associate with the apoptotic effectors BAX and BAK and induce permeabilization of the mitochondrial outer
membrane. Cytochrome c released from mitochondria then activates caspases and triggers cell death.

18 J. Mihalyova et al. / Experimental Hematology 2018;61:10–25

Mihalyova et al. 
Exp Hem 2018

AML cells have 
increased BCL2

Inhibiting BCL2 primes 
leukemia cells to die

Leukemia cell survival Edge of cell death



VIALE-A trial – landmark trial in AML treatment
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BACKGROUND
Older patients with acute myeloid leukemia (AML) have a dismal prognosis, even 
after treatment with a hypomethylating agent. Azacitidine added to venetoclax had 
promising efficacy in a previous phase 1b study.

METHODS
We randomly assigned previously untreated patients with confirmed AML who 
were ineligible for standard induction therapy because of coexisting conditions, 
because they were 75 years of age or older, or both to azacitidine plus either veneto-
clax or placebo. All patients received a standard dose of azacitidine (75 mg per square 
meter of body-surface area subcutaneously or intravenously on days 1 through 7 every 
28-day cycle); venetoclax (target dose, 400 mg) or matching placebo was adminis-
tered orally, once daily, in 28-day cycles. The primary end point was overall survival.

RESULTS
The intention-to-treat population included 431 patients (286 in the azacitidine–
venetoclax group and 145 in the azacitidine–placebo [control] group). The median age 
was 76 years in both groups (range, 49 to 91). At a median follow-up of 20.5 months, 
the median overall survival was 14.7 months in the azacitidine–venetoclax group 
and 9.6 months in the control group (hazard ratio for death, 0.66; 95% confidence 
interval, 0.52 to 0.85; P<0.001). The incidence of complete remission was higher 
with azacitidine–venetoclax than with the control regimen (36.7% vs. 17.9%; 
P<0.001), as was the composite complete remission (complete remission or com-
plete remission with incomplete hematologic recovery) (66.4% vs. 28.3%; P<0.001). 
Key adverse events included nausea of any grade (in 44% of the patients in the 
azacitidine–venetoclax group and 35% of those in the control group) and grade 3 
or higher thrombocytopenia (in 45% and 38%, respectively), neutropenia (in 42% and 
28%), and febrile neutropenia (in 42% and 19%). Infections of any grade occurred 
in 84% of the patients in the azacitidine–venetoclax group and 67% of those in the 
control group, and serious adverse events occurred in 83% and 73%, respectively.

CONCLUSIONS
In previously untreated patients who were ineligible for intensive chemotherapy, 
overall survival was longer and the incidence of remission was higher among pa-
tients who received azacitidine plus venetoclax than among those who received 
azacitidine alone. The incidence of febrile neutropenia was higher in the veneto-
clax–azacitidine group than in the control group. (Funded by AbbVie and Genen-
tech; VIALE-A ClinicalTrials.gov number, NCT02993523.)
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VIALE-A trial results

CD DiNardo et al. N Engl J Med 2020;383:617-629.

• High response 
rates

• Works for 
multiple types of 
AML

• Side effects of 
cytopenias (low 
blood counts)



All genetic subtypes 
benefit

• But some more than 
others…

• IDH1/2 mutations have 
higher response rates and 
longer duration of remission

• TP53 has good response 
rate but response doesn’t 
last very long

• FLT3 mutations have shorter 
duration of response

n engl j med 383;7 nejm.org August 13, 2020624
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adverse event. Common adverse events are sum-
marized in Table 2. The most frequently report-
ed hematologic adverse events of grade 3 or 
higher in the azacitidine–venetoclax and control 
groups included thrombocytopenia (in 45% and 
38%, respectively), neutropenia (in 42% and 

28%), febrile neutropenia (in 42% and 19%), 
anemia (in 26% and 20%), and leukopenia (in 
21% and 12%). Gastrointestinal adverse events 
of any grade were common and predominantly 
included nausea (in 44% of the patients in the 
azacitidine–venetoclax group and 35% of those 

Figure 3. Subgroup Analysis of Overall Survival.

The hazard ratio for death was estimated with the unstratified Cox proportional-hazards model. Data included are subject to a cutoff 
date of January 4, 2020. The dashed vertical line represents a hazard ratio of 1.0. Eastern Cooperative Oncology Group (ECOG) perfor-
mance-status scores range from 0 to 5, with 0 indicating no symptoms and higher scores indicating greater disability. TP53 and NPM1 
data are from the central laboratory and were determined with the use of the MyAML assay. IDH1 or IDH2 and FLT3 data were deter-
mined with the use of the CDx assay.
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If IDH mutated AML is more sensitive to aza + ven
and also responds to IDH inhibitors…

• What if you put them all together…

• Triplets



Azacitidine + Ivosidenib + Venetoclax

Curtis Andrew Lachowiez, M.D.
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Azacitidine + Ivosidenib + Venetoclax response
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9 (0) 9 (0) 4 (5) 4 (5) 2 (7) 2 (7) 1 (8) 1 (8) 0 (8)
14 (0) 13 (0) 10 (1) 9 (2) 6 (4) 2 (8) 1 (9) 1 (9) 0 (10)
8 (0) 6 (0) 4 (0) 4 (0) 4 (0) 3 (1) 3 (1) 1 (3) 0 (4)R/R−AML
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Cohort: + + + +IVO+VEN400 IVO+VEN800 IVO+VEN400+AZA IVO+VEN800+AZA

Overall Survival 

6 (0) 4 (0) 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 0 (2)
6 (0) 5 (0) 4 (0) 4 (0) 4 (0) 4 (0) 2 (2) 0 (4) 0 (4)
13 (0) 13 (0) 11 (0) 10 (1) 5 (5) 0 (10) 0 (10) 0 (10) 0 (10)
6 (0) 6 (0) 0 (6) 0 (6) 0 (6) 0 (6) 0 (6) 0 (6) 0 (6)IVO+VEN800+AZA

IVO+VEN400+AZA
IVO+VEN800
IVO+VEN400

 N at risk (censored)

Overall survival by disease

Survival by dose level
Survival* DL#1 (N=6) DL#2 (N=6) DL#3 (N=13) DL#4 (N=6)
Median EFS 7.9 (0-NR) 8.7 (7-NR) NR (23-NR) NR (-)
Median OS 26 (3-NR) NR (5-NR) NR (21-NR) NR (-)
12-month EFS 50% (20%) 50% (20%) 77% (12%) NA
12-month OS 50% (20%) 67% (19%) 85% (10%) NA

Survival by disease
Survival* MDS or MPN (N=9) ND-AML (N=14) R/R-AML (N=8)
Median EFS NR (14-NR) 36.4 (23-NR) 6 (2-NR)
Median OS 42.1 (-) NR (21-NR) 9 (8-NR)
12-month EFS 89% (11%) 71% (12%) 50% (18%)
12-month OS 100% (-) 79% (11%) 50% (18%)

*Outcomes reported as median (95%CI) or % (standard error)

Azacitidine + Ivosidenib + Venetoclax survival



Other triplets
• Early studies with enasidenib + aza + ven (IDH2) are promising

FLT3 inhibitors
• Gilteritinib + azacytidine + venetoclax

– Initial study at MD Anderson
– Viceroy study will open soon

• Gilteritinib + decitabine + venetoclax
– LLS BeatAML Study

Combinations with venetoclax and HMA are showing good response rates but 
low blood counts are challenging

Need to balance efficacy and toxicity with triplet therapies



Don’t overlook doublets – Gilteritinib + Venetoclax

• Gilteritinib + venetoclax combination
– Daver et al. ASH Abstract 333 -2020
– Heavily pre-treated with TKI
– Very high response rate
– Low blood counts were common!



Patients with ND-AML (de novo, sAML,tAML, st-AML) treated with intensive 
chemotherapy (IC) at MDACC on prospective clinical trial protocols

Intensive Induction Cohort
(IC; N=221)

CLIA
(N=108)

FIA
(N=74)

CIA
(N=39)

Venetoclax+IC Cohort
(VEN+IC; N=91)

FLAG-IDA+VEN
(N=41)

CLIA+VEN
(N=50)

Final analysis cohort
(N=312)

Treatment cohort

Measurable residual disease status

Transition to HSCT

ELN, cytogenetic, molecular risk groups

Outcomes assessed by

Can even use ven with intensive chemotherapy

DiNardo et al. Am J Hematol. 2022



Venetoclax + intensive chemotherapy overall survival

Overall survival IC
N = 194

VEN
N = 85 p-value

OS, months 32 NR

HR: 0.63 (95% CI: 0.35-1.1) 0.13

2017 ELN Risk

Favorable NR NR

HR: 1.4 (95% CI: 0.45-4.2) 0.58

Intermediate NR NR

HR: 0.39 (95% CI: 0.04-3.8) 0.42

Adverse 17 NR

HR: 0.31 (95% CI: 0.10-0.90) 0.029

OS favored VEN+IC vs. IC though without a significant benefit in 
the entire cohort

• ELN adverse-risk patients benefited most from addition of 
VEN

OS  between cohorts
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Cohort: + +IC VEN+IC

Overall Survival 

194 (0) 170 (2) 136 (5) 104 (14) 82 (23) 73 (30) 61 (40) 56 (45) 41 (58) 34 (65) 26 (72) 18 (80) 16 (82) 9 (88) 8 (89) 7 (90) 6 (91) 4 (93)

85 (0) 66 (14) 50 (27) 30 (40) 14 (54) 5 (63) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67) 0 (67)VEN+IC

IC

 N at risk (censored)



Combinations galore with venetoclax

• Improving responses to targeted drugs and chemotherapy

• Being tested with Vyxeos, etc.

• But, toxicity is an issue

• Makes normal blood stem cells more sensitive as well



Maintenance chemotherapy

• Suppression of leukemia cells after treatment



Maintenance therapy in AML
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 383;26 nejm.org December 24, 20202526
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Copyright © 2020 Massachusetts Medical Society.

BACKGROUND
Although induction chemotherapy results in remission in many older patients with 
acute myeloid leukemia (AML), relapse is common and overall survival is poor.

METHODS
We conducted a phase 3, randomized, double-blind, placebo-controlled trial of the 
oral formulation of azacitidine (CC-486, a hypomethylating agent that is not bio-
equivalent to injectable azacitidine), as maintenance therapy in patients with AML 
who were in first remission after intensive chemotherapy. Patients who were 55 
years of age or older, were in complete remission with or without complete blood 
count recovery, and were not candidates for hematopoietic stem-cell transplanta-
tion were randomly assigned to receive CC-486 (300 mg) or placebo once daily for 
14 days per 28-day cycle. The primary end point was overall survival. Secondary 
end points included relapse-free survival and health-related quality of life.

RESULTS
A total of 472 patients underwent randomization; 238 were assigned to the CC-486 
group and 234 were assigned to the placebo group. The median age was 68 years 
(range, 55 to 86). Median overall survival from the time of randomization was 
significantly longer with CC-486 than with placebo (24.7 months and 14.8 months, 
respectively; P<0.001). Median relapse-free survival was also significantly longer 
with CC-486 than with placebo (10.2 months and 4.8 months, respectively; 
P<0.001). Benefits of CC-486 with respect to overall and relapse-free survival were 
shown in most subgroups defined according to baseline characteristics. The most 
common adverse events in both groups were grade 1 or 2 gastrointestinal events. 
Common grade 3 or 4 adverse events were neutropenia (in 41% of patients in the 
CC-486 group and 24% of patients in the placebo group) and thrombocytopenia 
(in 22% and 21%, respectively). Overall health-related quality of life was preserved 
during CC-486 treatment.

CONCLUSIONS
CC-486 maintenance therapy was associated with significantly longer overall and 
relapse-free survival than placebo among older patients with AML who were in 
remission after chemotherapy. Side effects were mainly gastrointestinal symptoms 
and neutropenia. Quality-of-life measures were maintained throughout treatment. 
(Supported by Celgene; QUAZAR AML-001 ClinicalTrials.gov number, NCT01757535.)
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Oral Azacitidine Maintenance Therapy  
for Acute Myeloid Leukemia in First Remission
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Onureg maintenance therapy

AH Wei et al. N Engl J Med 2020;383:2526-2537.



Univariate analysis

AH Wei et al. N Engl J Med 2020;383:2526-2537.



More thoughts on maintenance

• Idea of maintenance is gaining traction again

• Onureg approved but side effects

• Gilteritinib and other FLT3 inhibitors being used as maintenance 
after allo SCT, low toxicity 

• IDH inhibitors have very few side effects and ideal for maintenance

• Maintenance is making a comeback



New drugs of interest

• SNDX-5613
– Menin inhibitor
– Drives maturation in MLL rearranged and NPM1 AML
– Early studies encouraging

• Magrolimab
– Antibody therapy -> binds to CD47
– Causes macrophages to eat leukemia cells
– Has shown some promise against TP53 mutated AML



MLLr, mixed lineage leukemia-rearranged.
a. Uckelmann HJ, et al. Blood. 2018;132:546; b. Kuhl MW, Armstrong SA. Cancer Cell. 2015;27:431-433.

TIP60
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SNDX-5613 in MLL rearranged or NPM1-mutated AML



Best Response, n (%) Efficacy Population (n=51)

Response

Overall response rate 28 (55)

CR 8 (16)

CRh 4 (8)

CRp 7 (14)

MLFS 9 (18)

MRD neg

CRc MRD neg rate 16/51 (31)

within CR/CRh MRD neg 11/12 (92)

within CR/CRh/CRp MRD 
neg 16/19 (84)

MLLr
Overall response rate 23/38 (61)

CR/CRh 9/38 (24)

NPM1 mut
Overall response rate 5/13 (38)

CR/CRh 3/13 (23)

SNDX-5613 in MLLr or NPM1-mutated AML: Response and survival

Stein E, et al. ASH 2021 Abstract 699



Magrolimab

Chao et al. Front. Oncol. 2020

• Antibody therapy

• Aza + magrolimab
with good activity 
in AML

• Being tested in AML 
and MDS

• Combine with ven?



Characteristics
Frontline Cohort (n=25) R/R Cohort (n=23)

TP53 mutated (n=14) TP53 wild type (n=11) VEN-naïve (n=8) Prior VEN (n=15)
Age, yrs 67 [46 to 77] 71 [32 to 82] 51 [28 to 74] 70 [35 to 79]

BM blasts, % 37 (9 to 96) 33 (16 to 92) 29 (11 to 87) 57 (6 to 85)
Diagnosis

De novo AML 
Secondary AML

4 (29)
10 (71)

6 (55)
5 (45)

4 (50)
4 (50)

5 (33)
10 (67)

ELN 2017 CG    
Intermediate 
Adverse 

2 (14)
11 (86)

6 (55)
5 (45)

2 (25)
6 (75)

4 (27)
11 (73)

Prior therapies 0 0 2 (1 to 3) 2 (1 to 5)
Results expressed as no. (%) or median [range], unless specified. 

Daver N, et al. ASH 2021 Abstract 371.

Azacitidine + Venetoclax + Magrolimab



59
Daver N, et al. ASH 2021 Abstract 371.

Months Months

TP53 mutated (n = 14) TP53 wild-type (n = 11)

▲ CR/CRi
▲ MLFS/PR
� MRD neg
▲ Refractory
� Relapse
¿ SCT
Ð Death
� Ongoing 

response

Progressive disease

COVID19 death in CR

Died from postSCT complications

Pneumonia , neutropenic infection in MLFS

Progressive disease

Baseline CR

0.0

0.2

0.4

0.6

0.8

1.0

TP
53

 V
A

F

Baseline
CR

______________p=.013

OS by Treatment TP53 Mutated
(N=14)

TP53 wild-type
(N=11)

Median follow-up 3.9 (range: 2.4-9.2) 7.0 (range: 2.1-10.3)
6-month DOR 83% 80%
6-month OS 100% 81%

Magrolimab appears active in TP53 AML. Longer 
follow-up needed to confirm early efficacy signal

Azacitidine + Venetoclax + Magrolimab survival



Thank you!!

• To all the patients, families, caregivers and support groups

• Leukemia & Lymphoma Society


