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Induction chemotherapy in AML

Commentary on and reprint of Yates JW, Wallace HJ, Ellison RR,

Holland JF, Cytosine arabinoside and daunorubicin therapy in

acute nonlymphocytic leukemia, in Cancer Chemotherapy
Reports (1973) 52:485–488



The beginning of a new era in AML

2017

Midostaurine (FLT3)

CPX-351 (t-AML/MRC)

Enasidenib (IDH2)

Gemtuzumab ozogamycin (CD33)

2018

Ivosidenib (IDH1)

Gilteritinib (FLT3)

Venetoclax

Glasdegib

2020

CC-486 (azacitidine tablet)
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We can wait (a little while) for work-up results

Monocentric Multicentric

Bertoli S, Blood 2013; Röllig C, Blood 2020



Focus on AML with hyperleukocytosis 

• 25% of AML have WBC > 50 G/L

• Leukostasis (lung, brain)

• Disseminated intravascular coagulation (DIC)

• Tumor lysis syndrome (TLS)

• High risk for early death

• Oncologic emergency

• Consider direct admission to ICU

• Rapid cytoreduction (hydroxyurea, urgent induction 
chemotherapy, leukapheresis)

• TLS prevention: non alcaline hyperhydration, rasburicase

• DIC (platelet transfusions, fibrinogen, fresh frozen plasma)



Rationale to use dexamethasone in hyperleukocytic AML

Mechanisms of leukostasis

Stucki A, Blood 2001

Rollig C, Blood 2015

Clinical experience

All APL patients with WBCs >10 G /L received DEX 10mg/12 hours at

day 1 of “3+7”+ATRA, for at least 3 days as prevention of

differentiation syndrome.



Dexamethasone policy for hyperleukocytic patients in 2010

• Patient selection: WBC ≥ 100 x 109/L or 50 x 109/L with symptoms of
leukostasis.

• Induction chemotherapy:

• Daunorubicin (60-90 mg/m², 3d) or idarubicin (8 mg/m², 5d) +
cytarabine 100-200 mg/m², 7 days.

• Lomustine (200 mg/m² d1) added to idarubicin-cytarabine in
most patients >60y.

• Dexamethasone 10 mg b.i.d for 3 days systematically starting from
2010.

• Hydroxyurea (1.5-4 g/d).

• No leukapheresis.

• Retrospective analysis: before (2004-2009) vs. after (2010-2015) the DEX
policy (IUCT-Oncopole AML database)



Historique récent de la chimiothérapie des LAM (18-60 ans) en France

• Induction conditionnelle

• DNR 60 mg/m² J1-3 ou IDA 8 mg/m² J1-5, cytarabine 
200mg/m² J1-7 IVC 

• Si blastes J15 ≥ 5% : DNR 35 mg/m² ou IDA 8 mg/m² J17-
18, cytarabine 1 g/m²/12h J17-20

• Consolidation

• Mini-conso avec anthracyclines

• HDAC avec anthracyclines

• Autogreffe CSH

• Induction séquentielle

• DNR 80 mg/m² J1-3, cytarabine 500 mg/m² IVC J1-3
→Mitoxantrone 12 mg/m² J8-9, cytarabine 500 mg/m²/12h 
J8-10

• Consolidation

• Mini-conso avec amsacrine

• EMA (VP16-MTX-AraC séquentiel) puis HDAC 



Réduction du risque de rechute dans le sous-

groupes des patients < 50 ans mais pas

d‘impact sur la survie globale

Induction séquentielle vs. « 3+7 »

NB: DNR 80 mg/m²



Induction séquentielle vs. conditionnelle



Favorable (CBF) Intermediate Unfavorable 

LAM-2001 trial (FILO, ex GOELAMS)

Daunorubicin : 60 mg/m² x 3d (total trial dose: 420-470 mg/m²)

vs. Idarubicin: 8 mg/m² x 5d (total trial dose: 88-104 mg/m²)

+cytarabine 200 mg/m²x7d

Récher C et al.

Idarubicine vs. daunorubicine



Anthracycline intensification during induction
Daunorubicin 90 mg/m²x3 standard of care (<60y)

DNR 90 mg/m² vs. 45 mg/m²x 3 d1-d3

Ara-C IVC 100 mg/m² d1-d7

If d14 >5% second induction

DNR 45 mg/m² d1-d3

Ara-C IVC 100 mg/m² d1-d7

CR rate: 72% vs 57%



Main therapeutic changes over time (real world data)

• Anthracyclines (from 2010)

• Dose intensification during induction (DNR 90mg/m²x3d or IDA 9mg/m²x5d)

• No longer used during consolidation 

• Reduced total dose (DNR 420 vs 270 mg/m² or IDA 88 mg vs 45mg)

• Cytarabine (consolidation)

• Dose adaptation according to age (1.5g/m² if >50y) (Lowenberg B, Blood 2013)

• Supportive care (new antifungals)

• Dexamethasone in hyperleukocytic AML (Bertoli S, Haematologica 2018)

• Molecular stratification in CR1 (NPM1, FTL3, CEBPA) guiding indications for allo-SCT

• More allogeneic-SCT in CR1

• 2000-2004: 30% vs 50% in 2010-2014

• No more autologous-SCT

• 2000-2004: 30% vs 2% in 2010-2014

Bertoli S, Blood Cancer Journal, 2017



Progress with the good old chemo before the era of novel drugs
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Analysis time (month)

2010-2014

2005-2009

2000-2004

Period

Overall Survival

P=0.035

aHR 0.66, 95% CI 0.49-0.91; P=0.011

2000-2014

N=1649 patients

N=24 >2014

N=28 APL (2010-)

N=621 w/o intensive chemo

N=976 patients treated by 

intensive chemo

*513 patients < 60 y

*463 patients ≥ 60y

<60y, n=513

Bertoli S, Blood Cancer Journal, 2017

Multivariate analysis HR 95% CI P

2005-2009

2010-2014

0.94

0.66

0.72-1.24

0.49-0.91

0.676

0.011

Age ≥ 50y 1.27 1.00-1.62 0.057

Secondary AML 1.91 1.43-2.57 <0.001

Cytogenetic risk

Intermediate

Adverse

3.09

5.37

1.83-5.21

3.04-9.47

<0.001

<0.001

WBC > 50 giga/L 1.58 1.18-2.10 0.002

Allo-SCT in CR1 0.66 0.49-0.89 0.006



Simplification of the chemo backbone in younger AML patients 
(BIG-1 trial, ALFA-FILO French Intergroup)

• Induction

• Daunorubicin 90 mg/m² d1-d3 (270 mg/m²) vs. idarubicin 9 mg/m² d1-d5 (45 mg/m²)

• Midostaurin added in patients with FLT3-ITD/TKD

• IDAC or HDAC as 2nd induction course if failure

• Consolidation

• IDAC (1.5g/m²/12h x 3d) vs. HDAC (3g/m²/12h x 3d)

• 3 cycles

• Allogeneic-SCT

• After 1 IDAC/HDAC (high risk) or 2 IDAC/HDAC (intermediate risk)

• MRD-guided



Nothing better than « 3+7 »

Bras standard

Cytarabine 100 mg/m²/d (CIV), d1-7 

Daunorubicin 60 mg/m², d3-5

2 cycles (C2 at d22)

Study A

Double induction by two courses of the standard-dose 

cytarabine, idarubicin and etoposide (ICE)

Study B

High-dose cytarabine

(2 g/m² per day on days 1, 3, 5, and 7)

Study C

Double induction with standard-dose cytarabine 

combination and early consolidation by intermediate-

dose cytarabine (1 g/m²/12 hours, d1-4) and 

daunorubicin

Study D

Thioguanine, cytarabine, and daunorubicin (TAD) and

high-dose cytarabine and mitoxantrone (HAM) TAD-

HAM, or HAM-HAM, with TAD based on standard-

dose cytarabine (200mg/m²) and HAM based on high-

dose cytarabine (3 g/m²/12h, d1-3).

Study E

Risk-adapted intensified versus a standard-intensity 

treatment strategy.

vs.



A third drug for high risk patients? The exemple of cladribine

Induction

DA

DNR 60 mg/m² d1-3, AraC 200mg/m² d1-7

DAC

+Cladribine 5 mg/m² d1-5

DAF 

+Fludarabine 25 mg/m² d1-5 

Consolidation

AraC 1.5g/m² d1-3, mitoxantrone 10 mg/m² d3-5

AraC 2 g/m²/12h IV d1, 3, 5



Midostaurin for AML with FLT3-ITD/TKD mutation

Arm 1: 

Induction therapy
*Midostaurin 50mg oral twice daily d8-21

*Cytarabine 200mg/m² IV d1-7

*Daunorubicin 60mg/m² IV d1-3. 

Consolidation therapy 
*Midostaurin 50mg oral, twice daily d8-21

*Cytarabine 3,000mg/m²/12 h d1, 3, 5. 

28 day cycle for up to 4 cycles. 

Continuation therapy
*Midostaurin 50mg oral, twice daily (twelve 28-day cycle). 

Arm 2: Placebo

N=717 patients

TKD: 22.6%

ITD low: 47.6%

ITD high: 22.8%

Stone R, NEJM 2017



Beneficial effect of midostaurin in FLT3-ITD AML 

across all 3 ELN risk groups

Döhner K, Blood 2020

Subgroup analysis of the RATIFY trial according to the 4 NPM1/FLT3-ITD genotypes, 
considering the FLT3-ITD AR (low, 0.05-0.5; high, > 0.5), n=427 

NPM1mut/FLT3-ITDlow
NPM1mut/FLT3-ITD high

NPM1wt/FLT3-ITD low

NPM1wt/FLT3-ITD high



Beneficial effect of midostaurin in FLT3-TKD AML 

Voso MT, Blood 2020



Gilteritinib vs. midostaurin in FLT3-mut AML 

A phase 3, multicenter, open-label, randomized, study of

gilteritinib versus midostaurin in combination with induction

and consolidation therapy followed by one year maintenance in

patients with newly diagnosed Acute Myeloid Leukemia (AML)

or Myelodysplastic syndromes with excess blasts-2 (MDS-EB2)

with FLT3 mutations eligible for intensive chemotherapy

HOVON 156 AML / AMLSG 28-18 

 

 

                                                                         

                        

Other phase 3 trials

* QuANTUM-First NCT02668653

Induction, consolidation and maintenance with quizartinib vs placebo

* ARO-0212 NCT03258931

Crenolanib versus midostaurin in combination induction and consolidation therapy



IDH1 (ivosidenib) or IDH2 (enasidenib) inhibitors in R/R AML



HOVON150/AMLSG 29-18 IDH1/2 AML



Addition of Gemtuzumab ozogamycin (GO) to « 3+7 »

MRC AML15: 3 mg/m²

NCRI AML16: 3 mg/m²

ALFA 07-01: 3 mg/m²x3 (FDA/EMA approved)

GOELAMS AML-IR2006:  6 mg/m²

SWOG 01-06: 6 mg/m²

Addition of GO:

* no ↑ CR rate: OR 0.91; P=0.3

* did not increase mortality: OR 1.13; P=0.4

* improved survival: OR 0.89; P=0.01

* reduced relapse: OR 0.81; P=0.001

* improved survival: OR 0.90; P=0.01

* highly significant survival benefit for favorable risk (OR 

0.47; P=0.006)



Mutational profile and GO benefit (ALFA-0701, 50-70y)

Fournier E, Blood 2020



GO in AML with NPM1 mutation

Induction therapy (2 cycles of ICE+ATRA +/- GO)

*GO, 3 mg/m2 d1

*Idarubicin 12 mg/m2 IV d1, 3, and 5

[in cycle 2 and for patients > 60y, reduced to d1 and 3]

*Cytarabine 100 mg/m2 continuously IV d1-7

*Etoposide 100 mg/m2 IV on days 1 to 3

[in cycle 2 and for patients>60y, reduced to d1 and 3]

*ATRA (45 mg/m2orally [PO] on d6 to 8 and 15 mg/m2 PO on d9 to 21

Consolidation therapy

*HDAC/IDAC (>60y) + ATRA (3 cycles)

*GO 3 mg/m2, d1 of consolidation 1



CPX-351: a new way to deliver intensive chemotherapy

Lim, W. S., Leuk Res, 2010

Mayer L, International Journal of Nanomedicine 2019

Dual-drug liposomal encapsulation of cytarabine and daunorubicin

100 nm bilamellar liposomes

5:1 molar ratio of cytarabine to daunorubicin

Maximally synergistic and minimally antagonistic anti leukemia
activity in vitro

Prolonged drug exposure

Accumulates in BM with preferential uptake by leukemia cells



Phase 2 trial of CPX-351 vs 3+7 in older adults with untreated AML

Lancet JE, Blood 2014



Phase 3 Study of CPX-351 vs Standard Induction in Older Patients with 
Newly Diagnosed High-Risk AML

Induction 1

CPX-351*
100 units/m2

Days 1, 3 and 5

Stratifications:

*t-AML

*History of MDS w/ and w/out 

prior HMA Rx

*History of CMML

*de novo AML with MDS 

karyotype

*60-69 yrs

*70-75 yrs

Key Eligibility

Previously untreated 

Ages 60-75 yrs

Fit for chemo

PS 0-2

*1 unit = 1 mg cytarabine + 0.44 mg daunorubicin

** if residual BM blasts at d14 

Allogeneic-HCT was performed at the discretion of the treating physician.

Consolidation 1

CPX-351
65 units/m2

Days 1 and 3

Consolidation 2

CPX-351
65 units/m2

Days 1 and 3

n=153

Induction 2**

CPX-351
100 units/m2

Days 1 and 3 

Induction 1
Dauno 60 mg/m²x3

Ara-C 100 mg/m²x7

Consolidation 1
Dauno 60 mg/m²x2

Ara-C 100 mg/m²x5

Consolidation 2
Dauno 60 mg/m²x2

Ara-C 100 mg/m²x5

Induction 2**
Dauno 60 mg/m²x2

Ara-C 100 mg/m²x5

n=156

CR/CRi

Primary Endpoint: Overall survival

Lancet JE, JCO 2018



CPX-351 improves response rate and OS 
in High-Risk AML patients selected for intensive CTx

Lancet JE, JCO 2018

Overall survival

Five-Year Final Results 

Lancet JE, ASH 2020



Landmark survival analysis from SCT

29.4% of 309 patients underwent

allogeneic-HCT

* 34% of 153 in the CPX-351 arm

* 25% of 156 in the 7+3 arm

(P = .098)

Lancet JE, JCO 2018
Five-Year Final Results 

Lancet JE, ASH 2020



Safety of CPX-351: a more favorable toxicity profile 

CPX-351 3+7

ANC> 0.5
Median (days)

35 29

Platelets>50
Median (days)

36.5 29

Day-30 death 5.9% 10.6%

Day-60 death 13.7% 21.2%

Also seen in phase II trials (first line and relapse)
Lancet JE Blood 2014; Cortes J, Cancer 2015

Lower rate of adverse events per patient-year with CPX-351  

Lancet JE, JCO 2018



CPX-351 for patients with therapy-related AML or AML with 
myelodysplasia-related changes

• AML MRC if:

* Multilineage dysplasia : ≥ 50% 

dysplastic cells in at least 2 cell lines

(unless NPM1 or CEBPAdm mutations)

* History of MDS

* MDS-related cytogenetic

abnormalities (unless del9q)



AML with myelodysplasia-related changes

54%30%

Local assessment Central review



Response criteria and evaluation of 
minimal/measurable residual disease

• Complete blood count + bone marrow aspiration (ELN2017, Döhner H, Blood 2017)

• CR / CRi / MLFS / PR (+ CRh)

• CR without minimal residual disease: CRMRD-

• MRD by molecular biology (BM/blood, RT-qPCR) (Schuurhuis GJ, Blood 2018)

• CBFB-MYH11A

• RUNX1-RUNX1T1

• NPM1

• MRD by flow cytometry (Schuurhuis GJ, Blood 2018)

• LAIP/Different from normal

• Leukemic stem cells

• MRD by NGS (M. Jongen-Lavrencic, NEJM 2018)

• non-DTA mutations  (DNMT3A, TET2, ASXL1)



Minimal/measurable disease
a tool to better assess response and stratify treatment

NPM1 mutational transcript
Reverse-transcriptase quantitative polymerase-chain-reaction (RT-qPCR)

*Blood (and/or bone marrow)

*After 2 cycles of intensive chemo

Same message for AML with RUNX1-RUNX1T1 or CBFB-MYH11
(CBF-AML)



Minimal/measurable disease
a tool to better assess response and stratify treatment

*Targeted next-generation sequencing

*Flow cytometry

*Bone marrow

*After 2 cycles of intensive chemo



Modern approach to AML treatment in 2020


