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Abstract

Standfirst | In 2018, the acute myeloid leukaemia treatment landscape expanded notably, with the 

findings of several trials leading to the approval of novel targeted therapies. Furthermore, 

comprehensive sequencing of patient samples revealed the effects of co-occurring mutations and 

gene- expression patterns on drug sensitivity, providing hope that future treatment options will 

become increasingly precise and personalized.

For approximately 50 years, the treatment of patients with acute myeloid leukaemia (AML) 

has consisted of a combination of cytarabine and anthracycline, in a standard intensive 

regimen termed ‘7+3’ chemotherapy. This approach is effective in a small subset of patients 

with AML, although the majority of patients are not cured and long-term disease-free 

survival has remained <30% with this ‘standard intensive therapy’. Outcomes are 

particularly poor in older patients (often, and somewhat arbitrarily, defined as >65 years of 

age) who comprise the majority of those diagnosed with AML, with current expectations 

remaining a median overall survival (OS) duration of <1 year from diagnosis.(1)

The advent of rapid and affordable genome sequencing has ushered in a decade of improved 

scientific understanding of the pathophysiology of AML. Awareness of the AML genomic 

landscape initially improved our ability to classify and prognosticate, such as the improved 

ability to determine which patients will benefit most from allogeneic stem cell 

transplantation (SCT) in first remission. Now, at last, the AML community is experiencing 

long-awaited clinical progress in AML-directed therapies. Building upon a successful 2017, 

which saw landmark approvals including midostaurin in combination with 7+3 

chemotherapy for patients with FLT3-mutated AML, enasidenib for patients with isocitrate 

dehydrogenase 2 (IDH2)-mutated AML, the (re)approval of the anti-CD33 monoclonal 

antibody–drug conjugate gemtuzumab ozogamicin, and liposomal daunorubicin plus 
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cytarabine for adults with newly diagnosed secondary or therapy-related AML, 2018 was 

another banner year for advances in AML therapy.

Mutations in fms-related tyrosine kinase 3 (FLT3) occur in approximately one-third of 

patients with AML, and are associated with younger age, proliferative disease, and — for 

internal tandem duplication mutations (FLT3–ITD) — inferior outcomes with standard 

therapy. The approval of the multikinase inhibitor midostaurin, in combination with 7+3 

chemotherapy, for younger patients (<60 years of age) with newly diagnosed FLT3-mutant 

AML in late 2017 was a seminal advance; however, the need for more-potent and more-

selective FLT3 inhibitors is readily apparent.(2) Results from a phase II trial of the second-

generation FLT3 inhibitor, quizartinib, were published in May 2018, and demonstrated an 

overall response rate (ORR) of >70% and a composite complete remission rate of ~50% in 

patients receiving quizartinib as a single agent for relapsed and/or refractory (R/R) FLT3-

mutant AML.(3) Furthermore, over a third of younger patients with R/R disease were able to 

proceed to SCT, thus confirming not only the efficacy but also the safety and tolerability of 

this approach. In June 2018, results from the successive randomized phase III trial of 

quizartinib (QuANTUM-R) were presented in abstract form, confirming that this agent 

provides a significant improvement in overall survival in patients with R/R FLT3-mutant 

AML versus best-available therapy (median OS 6.2 versus 4.7 months).(4) The AML 

community eagerly awaits the FDA’s decision on quizartinib, as well as on gilteritinib, 

another potent, selective FLT3 inhibitor for which enrollment of patients with R/R FLT3-

mutated AML into a phase III trial has been completed (NCT02421939).

Mutations in IDH1 occur in ~8% of patients with AML. The first targeted inhibitor of 

mutant IDH1, ivosidenib, entered clinical trials in 2014 in a phase I, first-in-human dose-

finding study. Over 250 patients were treated in this study, with striking levels of activity at 

all dose levels seen in patients with R/R IDH1-mutant AML (n= 179) including a CR rate of 

22%, CR/CR with partial haematological recovery (CRh) rates of 30%, and median OS of 9 

months.(5) This first-in-class IDH1 inhibitor was approved by the FDA in July 2018 based 

on these frequent and durable responses and limited toxicities observed in this population. 

Similar to the IDH2 inhibitor enasidenib, which was approved in 2017 for patients with R/R 

IDH2-mutant AML,(6) the distinctive mechanism of action of ivosidenib involves leukemic 

differentiation and maturation without cytotoxicity, which leads to an IDH differentiation 

syndrome in ~10% of patients that can be managed using corticosteroids, hydroxyurea, and 

dose interruption in severe cases.

With a median age of 68 at diagnosis, older patients make up the majority of all patients 

with AML. In older adults, and in patients with secondary AML (that is AML evolving from 

an antecedent haematological disorder or arising as a complication of previous 

chemotherapy or radiotherapy), standard 7+3 is associated with poor outcomes, in terms of 

both increased toxicities and lower response and survival. Results of the phase III trial of 

7+3 versus CPX-351, a liposomal encapsulation of cytarabine plus daunorubicin at a fixed 

5:1 molar ratio, demonstrated improved response (CR/CR with incomplete neutrophil or 

platelet recovery (CRi) 48% versus 33%) and survival (median OS 9.56 versus 5.95 months; 

HR 0.69, 95% CI 0.52–0.90; one-sided P= 0.003) in intensive-chemotherapy eligible 

patients 60–75 years of age with secondary AML or AML with MDS-related features.(7)
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The sizeable cohort of older patients who are ineligible for intensive therapy has remained a 

population of critical unmet medical need. The frequent use of DNA methyltransferase 

inhibitors (azacitidine and decitabine, also referred to as hypomethylating agents or HMAs) 

or low-dose cytarabine (LDAC) provides only modest levels of benefit. In this setting, 

dramatic early results from trials of combinations containing the selective BCL-2 inhibitor 

venetoclax, or the Sonic hedgehog pathway smoothened receptor inhibitor glasdegib, have 

the potential to transform the treatment paradigm for this population of IC-ineligible older 

patients with AML. Updated results from a phase I combination trial of venetoclax with 

HMA therapy for older patients with treatment-naïve AML is particularly notable.(8) In 145 

patients with a median age of 74, CR/CRi rates were 67%, with a duration of CR/CRi lasting 

>11 months and a median OS of 17.5 months. In the cohort receiving 400 mg venetoclax in 

combination with azacitidine, the CR/CRi rate was 73% and median OS was not reached. 

The FDA recently provided accelerated approval of this combination based on the phase I 

data, and a Phase III placebo-controlled confirmatory trial of azacitidine +/− venetoclax is 

ongoing. Improved results with LDAC combinations for older IC-ineligible AML patients 

are also noteworthy 2018 advances, including the FDA approval of LDAC + glasdegib based 

on the randomized Phase II trial demonstrating benefit of the combination (CR/CRi rate 

24% vs 5% with LDAC alone) and median OS 8.3 vs 4.3 mo (HR 0.5, 1-sided p= 0.0002). 

The combination of venetoclax plus LDAC also received accelerated FDA approval, 

reporting a CR/CRh rate of 42% and median OS 11.4 months with a confirmatory Phase III 

trial ongoing, providing another treatment option for this historically difficult-to-treat patient 

population.(9)

In addition to major advances in treatment (TABLE 1), 2018 also saw the emergence of a 

deeper understanding of AML biology. Owing to the substantial genomic heterogeneity of 

AML, previous analyses have been underpowered and have failed to provide clear 

associations between complex mutational patterns and treatment responses. In 2018, a 

valuable advance emerged in the form of the Vizome Beat AML data viewer, providing data 

on 672 tumour samples from 562 patients with AML treated as part of the multi-institutional 

Beat AML program.(10) Detailed investigations of patient level data, including treatment 

outcomes and data from whole-exome sequencing, RNA sequencing, and ex vivo drug 

sensitivity to >100 agents are now freely accessible, and will undoubtedly accelerate and 

enable profound future discoveries.

2018 will indeed be remembered as a landmark year in AML. The approval of multiple 

targeted therapies offers new hope and increasingly effective treatment options, and also 

reinforces the importance of genomic profiling for the optimal care of patients. We look 

forward to future results of trials investigating the efficacy of targeted therapies in upfront, 

combination settings. Additionally, the results of large-scale sequencing efforts have 

demonstrated true progress, not only in the recognition of the genomic complexity of AML, 

but also in providing tangible hope for a future of increasingly individualized and precision-

based AML therapy.
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Key advances

The addition of the multikinase inhibitor midostaurin to 7+3 chemotherapy for newly 

diagnosed patients, and the use of second-generation FLT3 inhibitors (such as 

quizartinib) for those with relapsed and/or refractory (R/R) FLT3-mutated AML 

demonstrate improved overall survival compared with standard-of-care therapy.2,3,4

The oral targeted mutant IDH1 inhibitor ivosidenib is now approved for the treatment of 

patients with relapsed/refractory AML with an IDH1 mutation, as a result of the 

substantial activity and durable responses seen in a phase 1 trial.5

In adults with newly diagnosed secondary or therapy-related AML, treatment with the 

liposomal encapsulation of cytarabine plus daunorubicin at a fixed 5:1 molar ratio 

demonstrated improved response rates and median survival durations compared with 

standard 7+3 therapy in a randomized phase III trial.7

The addition of the BCL2-inhibitor venetoclax to lower-intensity AML therapy such as 

hypomethylating agents or low-dose cytarabine, for older patients unsuitable for intensive 

chemotherapy approaches suggests markedly improved patient outcomes; confirmatory 

randomized trials are ongoing.8,9

Clinical and genomic data from patients with AML, including whole-exome and RNA 

sequencing, and analysis of ex vivo sensitivity to >100 agents is now freely available, and 

is likely to accelerate and enable future discovery.10
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Fig. 1 |. Developments in the treatment of AML.
AML, acute myeloid leukaemia; CR, complete remission; CRc, composite complete 

remission; CRh, CR with incomplete haematological recovery; CRi, complete remission 

with incomplete neutrophil or platelet recovery; EFS, event-free survival; HMA, 

hypomethylating agent; ITD, internal tandem duplication; MDS, myelodysplastic syndrome; 

OS, overall survival; ORR, overall response rate; R/R, relapsed and/or refractory.
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Table 1.

Key trials involving patients with AML with results reported in 2018

Agent Comparator Trial Population Outcome Follow - up

Quizartinib (3) None R/R FLT3 – ITD AML CRc 46%, median OS 31.1 
weeks (FLT3 – ITD cohort 2)

Phase III QuANTUM – R 
(4); CRc 48% vs 27%; 
median OS 6.2 months vs 
4.7 months

Ivosidenib (5) None R/R IDH1 – mutant AML CR/CRh 30%; ORR 40%; 
median OS 9 months

-

CPX – 351 (7) 7 + 3 
chemotherapy

CPX – 351 – eligible treatment – 
naïve, older (60 −75 years of 
age) patients with secondary 
AML or AMLwith MDS – 
related changes

CR/CRi; 48% vs 33%; median 
OS 9.5 vs 5.9 months; EFS 2.5 
vs 1.3 months

-

HMA + 
venetoclax (8)

None Unfit, treatment naïve elderly 
patients with AML

CR/Cri 67%; median OS 17.5 
months

Phase III ongoing 
(NCT02993523)
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