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AML: SO MANY OPTIONS, SO LITTLE TIME

     Whom should we treat with novel agents ?  
Specifi c indi ca tions for spe cifi c and chal leng ing 
pop u la tions 
    Lindsay   Wilde  and  Margaret   Kasner  
 Medical Oncology,  Thomas Jefferson University , Philadelphia, PA 

        A rel a tive wealth of new ther a pies for acute mye loid leu ke mia (AML) have led to a rapid shift in treat ment par a digms for 
this dis ease. Understanding whom, when, and how to treat is more com plex than ever before. Here we explore whom 
to treat with these avail  able new ther a pies, focus ing on spe cial patient pop u la tions that include older adults, those with 
relapsed dis ease, and those with    TP53  - mutated AML. These high - risk sub groups are some of the most chal leng ing to care 
for, but novel treat ments are pro vid ing them with new hope.  

   LEARNING OBJECTIVES 
   •    Learn the indi ca tions for newly approved and emerg ing drugs in AML in chal leng ing pop u la tions 
  •    Become famil iar with a treat ment algo rithm for older, relapsed, and  TP53   -  mutated AML patients  

  Introduction 
 The recent approval of a vari ety of novel ther a pies for 
acute mye loid leu ke mia (AML) has pro vided more treat-
ment options for patients than ever before. However, 
iden ti fy ing whom to treat, and how, can be chal leng ing. 
Key ele ments in mak ing these deci sions include assessing 
patient char ac ter is tics and obtaining com pre hen sive AML 
pro fi l ing, includ ing cyto ge netic and molec u lar data. Even 
with this infor ma tion, the opti mal ther a peu tic path is not 
always clear. Here we high light the complexities of select-
ing whom to treat with novel AML ther a pies. 

 CLINICAL CASE 
 An 86 - year - old man with a past med i cal his tory of hyper-
ten sion and gas tro esoph a geal refl ux dis ease devel oped 
leu ko cy to sis, ane mia, and throm bo cy to pe nia. A bone mar-
row biopsy revealed 60 %  mye lo blasts. Immunophenotyp-
ically, the blasts were CD34  +  , CD13  +  , and CD33  +  . He was 
diag nosed with AML. Next - gen er a tion sequenc ing showed 
muta tions in  ASXL1  and IDH1. Findings from the kar yo type 
were nor mal. 

 With a median age of 68 years at the time of diag no-
sis, AML is pri mar ily a dis ease of older adults. 1  However, 
the inci dence of AML not only increases with age but also 

becomes more dif fi  cult to treat and cure. Five - year over all 
sur vival (OS) for patients diag nosed between the ages of 
60 and 64 is 22 % , while that of patients diag nosed over the 
age of 80 is 1.3 % . 2  The advent of newer, less toxic treat-
ments may help to improve this dis par ity. 

 Outcomes for older adults with AML are poor because of 
many com plex rea sons ( Figure 1 ) First, patient fac tors such 
as comorbidities and decreased base line per for mance 
sta tus (PS) may pre vent patients from receiv ing opti mal 
ther apy or put them at higher risk of com pli ca tions. The 
num ber of comorbidities increases with age and cor re-
lates with an increase in AML - related and all  - cause mor tal-
ity. 3  Older patients are also more likely to pres ent with an 
ECOG PS of 2 or 3, and decreased PS is asso ci ated with an 
increase in early death. 4  Older patients with decreased PS 
are more likely to expe ri ence early mor tal ity than youn ger 
patients with a sim i lar PS, indi cat ing the com plex inter play 
between these 2 fac tors. 5,6  

 Second, dis ease - related fac tors also con trib ute to 
poorer out comes in older patients. Such patients are more 
likely to have dis ease with high - risk chro mo somal abnor-
mal i ties ( − 5 or 5q − ,  − 7 or 7q − , or 17p dele tion), and the 
inci dence of hav ing high - risk muta tions in genes such as 
ASXL1,   RUNX1,  and  TP53  also increases with age. 7  By Euro-
pean LeukemiaNet cri te ria, older patients more often 
have high - risk dis ease, and sur vival for these patients is 
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decreased com pared to youn ger patients with sim i larly high-risk 
dis ease.8,9 Older patients also more fre quently have dis ease that 
is inher ently che mo ther apy-resis tant due to overexpression of 
the MDR1 mul ti drug-resis tance gene.10

Finally, sev eral fac tors influ ence the type and inten sity of 
treat ments offered to older patients, lead ing to decreased sur-
vival. Older patients are less likely to be offered up-front treat-
ment for AML and are less likely to undergo allo ge neic stem cell 
trans plant.11,12 This is despite the fact that stud ies have dem on-
strated that treat ment of any inten sity improves sur vival in this 
patient pop u la tion.11 The rea sons for these disparities include 
phy si cian bias regard ing the treat ment of older patients, care-
giver issues, and other socio eco nomic inequities.

Given the urgent need to address disparities in out comes 
for older indi vid u als with AML, in 2020 the Amer i can Society of 
Hematology published guide lines for treating these patients.13 
The guide lines are based on a sys tem atic review of the lit er-
a ture and con sider many of the pre vi ously discussed fac tors. 
Included is a rec om men da tion to offer anti leu ke mic ther apy 
over best sup port ive care and to attempt inten sive ther apy 
when pos si ble. As newer ther a pies con tinue to emerge, these 
guide lines must be adapted and mod i fied, par tic u larly with 
regard to inten sity of treat ment. Ultimately, opti mal ther apy for 
older adults with AML is that which pro vi des the best depth of 
response, imparts the least amount of tox ic ity, and meets the 
goals of the indi vid ual patient.

Recent efforts to develop safer and more effec tive treat-
ments for older adults with AML are begin ning to pay off. Lead-
ing the way has been the US Food and Drug Administration 
(FDA)-approved front line com bi na tion of azacitidine and vene-

toclax (AZA-VEN). This lower-inten sity treat ment was shown in 
the phase 3, mul ti cen ter, ran dom ized, dou ble-blind, pla cebo-
con trolled VIALE-A trial to improve OS when com pared to azac-
itidine plus pla cebo (14.7 months vs 9.6 months; haz ard ratio 
[HR], 0.66; 95% CI, 0.52-0.85; P < .001) in patients over 75 or 
in youn ger patients with sig nifi  cant comorbidities.14 Moreover, 
the com pos ite com plete remis sion (CR) rate was 66.4% for 
patients in the AZA-VEN group com pared to 28.3% in the con-
trol group, and rates of red blood cell and plate let trans fu sion 
inde pen dence were 59.8% and 68.5%, respec tively. Regarding 
safety, rates of grade ≥3 neutropenia and neutropenic fever 
were higher in the AZA-VEN group; how ever, 30-day mor tal ity 
was sim i lar between the 2 groups (7% with AZA-VEN and 6% 
with AZA-pla cebo).

Molecular sub group anal y sis of the VIALE-A study sug gests 
that muta tions in IDH1 or IDH2 may con fer a par tic u larly favor-
able response to AZA-VEN. A pooled anal y sis of the phase 1b and 
phase 3 stud ies showed that CR/complete remission with par-
tial hematologic recovery (CRh) for patients with an IDH1 muta-
tion was 59% with AZA-VEN vs 9% with AZA-pla cebo. CR/CRh 
for patients with an IDH2 muta tion was 80% with AZA-VEN vs 6% 
with AZA-pla cebo.15 This improve ment in remis sion rates trans-
lated into an improve ment in dura tion of response and OS. This 
dif fered from other molec u lar sub sets, such as FLT3-mutated 
or TP53-mutated dis ease, where responses were bet ter with 
AZA-VEN, but OS was not affected.

The oral IDH1 inhib i tor ivosidenib is another FDA-approved 
front line ther apy for older patients with AML. This treat ment 
was ini tially stud ied in a phase 1, mul ti cen ter, open-label, dose-
esca la tion, dose-expan sion study in patients with AML with an 

Figure 1. Factors leading to a poor prognosis in older AML patients.
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IDH1 muta tion.16 The median age in the study was 76.5 years, and 
56% of patients were over 75. The CR/CRh rate was 42%, with 
a median time to response of 2.8 months. The median fol low-up 
was 23.5 months, with a median OS of 12.6 months. The util ity 
of ivosidenib as a sin gle agent is lim ited, but it may be a good 
option for patients unable to receive venetoclax or tol er ate com-
bi na tion treat ment. A study of azacitidine, venetoclax, and ivos-
idenib is under way (NCT03471260), and the results, if pos i tive, 
will increase the value of this agent.

The phase 2 BRIGHT AML 1003 study assessed the com bi na-
tion of low-dose cytarabine and glasdegib, a hedge hog path-
way inhib i tor, vs low-dose cytarabine alone.17 The median age 
in the glasdegib arm was 77 and in the low-dose cytarabine 
arm, 75. The addi tion of glasdegib improved median OS (8.8 vs 
4.6 months; HR, 0.51; 80% CI, 0.39-0.67; P = .0004). This led to 
the FDA approval of glasdegib plus low-dose cytarabine for the 
treat ment of older patients with AML. However, given the other 
FDA-approved treat ment options, which appear to be more 
effi ca cious and equally as safe, the clin i cal util ity of this treat-
ment is ques tion able. Subsequent sub set anal y sis indi cated 
slightly improved sur vival in patients with sec ond ary AML as 
opposed to de novo dis ease.18 Though no head-to-head com-
par i son exists, this sur vival was shorter than that of patients 
treated with AZA-VEN in VIALE-A.14,18

Numerous tri als eval u at ing targeted ther a pies, com bi na tion 
ther a pies, and novel agents for the front line treat ment of older 
patients with AML are under way. In addi tion, geri at ric assess-
ment tools are being devel oped and eval u ated with the hope of 
improv ing treat ment selec tion, side effects, and patient qual ity 
of life. These advances will con tinue to have a pos i tive impact on 
the lives of older patients with AML. (See Figure 2 for a treat ment 
algo rithm for older patients.)

Newly diagnosed 
AML in an older 

paent

No targetable 
mutaon

HMA + venetoclax  
LDAC + glasdegib

Targetable mutaon

FLT3

HMA + venetoclax
FLT3 inhibitor +/-

HMA

IDH1

HMA + venetoclax
Ivosidenib +/- HMA

IDH2

HMA + venetoclax
Enasidenib +/- HMA

TP53 mutaon

HMA + venetoclax
magrolimab +/- HMA

APR-246 + aza

Clinical trial*

Figure 2. Algorithm for the treatment of newly diagnosed AML in the older patient.

CLINICAL CASE
An 81-year-old woman was treated with AZA-VEN for newly diag-
nosed AML. After 2 cycles, her dis ease went into CR. She remained 
on this treat ment for 7 cycles before her dis ease relapsed. Repeat 
molec u lar test ing showed a new FLT3-ITD muta tion and a new 
muta tion in IDH2.

In spite of the advances made in the first-line treat ment of 
AML, approx i ma tely 50% of patients expe ri ence a relapse.19,20 
The treat ment options for relapsed or refrac tory (R/R) dis ease 
remain lim ited, and 5-year OS for these patients is approx i ma tely 
10%.21 Outcomes after first-line treat ment with a hypomethylat-
ing agent and venetoclax are par tic u larly poor, with a median 
sur vival of 2.4 months.22 At the time of relapse, molec u lar test-
ing should be repeated to assess for the pres ence of tar get able 
muta tions. Due to clonal evo lu tion, pre vi ously iden ti fi able tar-
gets may be lost, or the emer gence of subclones may lead to the 
pres ence of new tar gets.23

Several targeted ther a pies have been approved for the treat-
ment of R/R AML. For patients with FLT3-mutated dis ease, gilter-
itinib is a potent oral FLT3 inhib i tor that can be used as a sin gle 
agent. In the ran dom ized phase 3 ADMIRAL study, gilteritinib 
improved OS when com pared to inves ti ga tor-choice che mo-
ther apy (9.3 months vs 5.6 months; two-sided P < .001).24 About 
34% of patients receiv ing gilteritinib had a CR/compelete remis-
sion with incomplete count recovery com pared to 15.3% in the 
che mo ther apy group (risk dif fer ence, 18.6 per cent age points; 
95% CI, 9.8-27.4). Given its mod est effi cacy as a sin gle agent, 
gilteritinib is being stud ied in com bi na tion with other ther a pies 
in the relapsed and front line set ting. Early data on the com bi na-
tion of gilteritinib and venetoclax for relapsed FLT3-mutated AML 
look prom is ing.25
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The pre vi ously men tioned IDH1 inhib i tor, ivosidenib, is also 
approved for the treat ment of R/R AML with an IDH1 muta tion. 
In a large, sin gle-arm phase 1 study, ivosidenib was shown to be 
safe and well tol er ated and to induce a CR or CRh in 30.4% of 
patients.26 Similarly, the IDH2 inhib i tor enasidenib is approved for 
the treat ment of R/R AML with a muta tion in IDH2. This approval 
was based on the phase 1/2 study that showed a CR rate of 
19.3% in this pop u la tion.27 However, the phase 3 study for this 
drug failed to meet the pri mary OS end point.28 Combination 
stud ies with enasidenib are under way.

Finally, the some what con tro ver sial CD33-targeted anti body-
drug con ju gate gemtuzumab ozogamicin (GO) is also approved 
for patients with AML that is R/R. First approved in 2000, GO 
was vol un tar ily with drawn from the US mar ket in 2010 due to 
safety con cerns. Reapproval was granted in 2017 after fur ther 
review of the data. In the ALFA 9801 trial, GO, which was given as 
a sin gle agent or in com bi na tion with che mo ther apy to patients 
with R/R dis ease, dem on strated a 39% CR rate.29 Pooled anal y sis 
of the data from 3 other phase 2 stud ies showed a slightly lower 
over all remis sion rate of 26%.30 There is inter est in com bi na tion 
ther apy with GO and stud ies in this area are ongo ing.

Although these agents rep re sent prog ress for the treat ment 
of patients with R/R AML, response rates and long-term sur vival 
are still lim ited, and clin i cal tri als remain the pre ferred option 
at first relapse or after the use of targeted ther a pies. Many 
novel agents are under inves ti ga tion, includ ing small mol e cule 
inhib i tors, immunotherapies, and com bi na tion ther a pies, and 

new can di dates for targeted treat ments con tinue to be iden-
ti fied. (See Figure 3 for a treat ment algo rithm for patients with 
relapsed dis ease.)

CLINICAL CASE
A 78-year-old woman with a past med i cal his tory of hyper ten-
sion devel oped leu ko cy to sis, ane mia, and throm bo cy to pe nia. 
A bone mar row biopsy revealed 60% mye lo blasts. Immunophe-
notypically, the blasts were CD34+, CD13+, and CD33+. She was 
diag nosed with AML. Next-gen er a tion sequenc ing showed a 
muta tion in TP53.

TP53, an essen tial tumor sup pres sor gene, is mutated in up 
to 10% of AML cases.31 It is found more fre quently in ther apy-
related and com plex-kar yo type AML. This muta tional sta tus is 
an impor tant prog nos tic fac tor that con sis tently cor re sponds to 
extremely poor out comes, includ ing low response rates to tra-
di tional cyto toxic che mo ther apy and rare instances of long-term 
sur vival after allo ge neic trans plan ta tion.32,33

Unfortunately, the novel agents approved for the treat ment 
of AML, includ ing ther apy related and com plex kar yo type, have 
not led to sig nifi  cant improve ment in the sur vival of patients with 
TP53-mutated AML. For exam ple, a 2018 study eval u ated this sub-
group of patients in the reg is tra tion trial of CPX-351 vs 7 + 3 in 
older adults with newly diag nosed high-risk or sec ond ary AML.34 
Patients with the muta tion had a median sur vival of 5.7 months 

Relapsed AML in 
an older pa�ent

No targetable 
muta�on

Gemtuzumab
ozogamicin

HMA + venetoclax

Targetable 
muta�on

FLT3

Gilteri�nib +/-
HMA

IDH1

Ivosidenib +/-
HMA

IDH2

Enasidenib +/-
HMA

Clinical trial*

Figure 3. Algorithm for the treatment of relapsed older AML patients.
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in the CPX-351 arm and 5.1 months in the 7 + 3 arm, dem on strat-
ing no ben e fit. A sub se quent small study by Kim et al,35 which 
looked at the real-world use of CPX-351 in 53 patients, 30% of 
whom had TP53-mutated AML, showed more encour ag ing results 
in this sub set, with an overall response rate (ORR) of 57% (8/14) 
and a 63% measurable residual disease neg a tiv ity rate by next 
generation sequencing. However, these ret ro spec tive data should 
be interpreted cau tiously. Skepticism about the effi cacy of CPX-351 
for TP53- mutated AML remains.

The pre vi ously discussed VIALE-A trial showed sig nifi  cantly 
higher rates of com pos ite remis sion for patients with TP53- 
mutated AML who received azacytadine and venetoclax than 
those in the con trol group (55.3% vs 0%, respec tively; 95% CI, 
38.3-71.4; P < .001).14 However, this did not trans late to an increase 
in OS. Disappointingly, com bin ing venetoclax with 10 days of 
decitabine improved nei ther response rates nor OS.36 The addi-
tion of venetoclax to more aggres sive ther apy (FLAG-IDA) also 
failed to show improve ment in the TP53-mutated AML sub group.37

Hope for this poor-risk pop u la tion likely lies in the use of 
novel agents. For exam ple, magrolimab is a first-in-class mac-
ro phage immune check point inhib i tor targeting CD47. CD47 
is a “do not eat me” sig nal overexpressed in mul ti ple can cers, 
includ ing AML.38 Its acti va tion leads to mac ro phage immune 
eva sion. Magrolimab elim i na tes tumor cells through mac ro-
phage phago cy to sis. Data were presented at ASH 2020 from 
a trial using magrolimab plus azacitidine in patients with newly 
diag nosed AML who were inel i gi ble for inten sive che mo ther apy. 
The study pri mar ily enrolled patients with TP53-mutated AML 
(65%, as they were pref er en tially enrolled after an early pro to col 
amend ment).39 The com bi na tion induced a 71% ORR and 48% 
CR rate in this high-risk sub group. Moreover, the median OS for 
these patients was 12.9 months. Based upon these data and the 
high unmet need in this pop u la tion, a ran dom ized phase 3 trial 
of magrolimab plus azacitidine vs AZA-VEN or inten sive induc tion 
as a front line ther apy for TP53-mutant AML is pre par ing to begin 
recruit ment (NCT04778397).

Another novel agent that tar gets TP53 more spe cifi  cally is 
APR-246, a meth yl ated PRIMA-1 ana logue. It is a first-in-class small 
mol e cule that selec tively induces apo pto sis in TP53 mutant can-
cer cells.40 The agent is spon ta ne ously converted into the active 
spe cies meth y lene quinuclidinone, which cova lently binds to 
cys te ine res i dues in mutant p53, thereby pro duc ing ther mo-
dy namic sta bi li za tion of the pro tein and shifting equi lib rium 
toward a func tional con for ma tion. Two early phase stud ies were 
recently published assessing the com bi na tion of APR-246 and 
azacitidine. A phase 1b/2 study in patients with TP53-mutated 
myelo dysplasic syndrome (MDS) or low-blast per cent age AML 
showed the treat ment to be safe and well tol er ated.41 The ORR 
was 88%, with a CR rate of 61% for the MDS cohort and 50% for 
the AML; median OS was 10.8 months (95% CI, 8.1-13.4). A sim i-
lar phase 2 study of APR-246 plus azacitidine included patients 
with MDS, low-blast AML, and AML with blasts >30%.42 Response 
rates and OS for the MDS and low-blast AML cohorts were sim i lar 
to the pre vi ously discussed trial. However, response rates and 
sur vival in patients with AML with >30% blasts were lower (ORR 
50%, CR 0%, OS 3 months). These stud ies are encour ag ing for 
patients with MDS or low-blast AML but sug gest that trip let ther-
apy or other com bi na tions with APR-246 should be explored in 
AML with higher blast counts. One such study looking at APR-246 
plus azacitidine and venetoclax is ongo ing (NCT04214860).

Finally, the ongo ing trial GLAD-AML (NCT03798678) addresses 
this poor-risk pop u la tion in a ran dom ized phase 2 study com bin-
ing glasdegib with DEC5 or DEC10 in patients with newly diag-
nosed poor-risk AML.

Conclusion
Understanding who will ben e fit from cur rent and future novel 
AML ther a pies is an evolv ing area. Patient age and fit ness, dis-
ease biol ogy, and treat ment mech a nism of action must all  be 
taken into con sid er ation when choos ing whom to treat and how. 
In gen eral, even low-inten sity treat ment pro vi des a sur vival ben-
e fit over best sup port ive care to patients of all  ages and molec-
u lar and cyto ge netic sub groups. Trials looking to build on recent 
improve ments in out comes are ongo ing, includ ing some with 
dou blet and trip let ther apy as well as oth ers looking at drug 
sequenc ing, MRD erad i ca tion, and main te nance.
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