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AML: SO MANY OPTIONS, SO LITTLE TIME

     What to use to treat AML: the role
of emerg ing ther a pies 
    Felicitas   Thol  
 Department of Hematology, Hemostasis, Oncology, and Stem Cell Transplantation,  Hannover Medical School , Hannover, Germany 

   The devel op ment and approval of novel sub stances have resulted in sub stan tial improve ments in the treat ment of acute 
mye loid leu ke mia (AML). In the cur rent era of novel treat ment options, genetic and molec u lar test ing at the time of diag-
no sis and relapse becomes increas ingly rel e vant. Midostaurin in com bi na tion with inten sive che mo ther apy is the stan dard 
of care as upfront ther apy in youn ger AML patients with mutated fms -   related tyro sine kinase 3 ( FLT3 ). Gilteritinib, a sec ond - 
gen er a tion FLT3 inhib i tor, rep re sents a key drug for relapsed / refrac tory (R / R)  FLT3 -  mutated AML patients. Targeted ther apy 
has also been devel oped for patients with mutated isocitrate dehy dro ge nase 1 ( IDH1 ) and  IDH2 . The US Food and Drug Admin-
istration (FDA) approved ivosidenib as a monotherapy for newly diag nosed older adult  IDH1  - mutated patients and enasid-
enib for R / R  IDH2  - mutated AML patients. CPX - 351, a lipo so mal for mu la tion of dau no ru bi cin and cytarabine, has become an 
impor tant upfront treat ment strat egy for fi t patients with ther apy - related AML or AML with myelodysplasia - related changes 
that are gen er ally chal leng ing to treat. The anti body drug con ju gate gemtuzumab ozogamicin was approved in com bi na tion 
with inten sive ther apy for patients with newly diag nosed (FDA / Euro pean Medicines Agency [EMA]) as well as R / R CD33  + 

AML. The com bi na tion of venetoclax, an oral selec tive B - cell leu ke mia / lym phoma - 2 inhib i tor, with hypomethylating agents 
or low - dose AraC (LDAC) has changed the treat ment land scape and prog no sis for older adult patients very favor ably. The 
addi tion of glasdegib, a small - mol e cule hedge hog inhib i tor, to LDAC is another exam ple of novel options in older patients. 
Further sub stances have shown prom is ing results in early clin i cal tri als.  

   LEARNING OBJECTIVES 
   •    Learn about the indi ca tions and effi  cacy of newly approved drugs in AML 
  •    Become famil iar with a treat ment algo rithm for newly diag nosed and relapsed AML patients  

  CLINICAL CASE 
 A 66 - year - old man with no sig nifi   cant under ly ing health con-
di tions devel oped leu ko cy to sis, ane mia, and throm bo cy to-
pe nia. Bone mar row biopsy revealed an infi l tra tion of 60 %  
mye lo blasts. Immunophenotypically, the blasts were CD34  +  , 
CD13  +  , and CD33  +  . He was diag nosed with acute mye loid 
leu ke mia (AML). Mutational screen ing showed an    FLT3 - ITD
(alle lic ratio 0.6), isocitrate dehy dro ge nase 2 ( IDH2 ), and 
TP53  muta tion. The cyto ge netic anal y sis revealed a nor mal 
kar yo type. 
   What are the treat ment options for this patient in the 
era of novel ther a pies ?  

 Intensive ther apy with novel agents 
 In recent years, treat ment strat e gies for AML have evolved 
beyond  “ 7    +    3 ”  for youn ger patients and past monotherapy 

with hypomethylating agents (HMAs) for older adult AML 
patients ( Figure 1 ). Novel mech a nisms of action under lie 
these recently approved drugs. Some of the new treat-
ment strat e gies were designed for or have shown the most 
ben e fi t in a dis tinct genetic group of patients. Therefore, 
molec u lar and cyto ge netic anal y sis becomes increas ingly 
rel e vant for the appli ca tion of novel drugs. In addi tion, ge-
netic risk strat i fi  ca tion at the time of diag no sis is an essen-
tial ele ment for guid ing the deci sion regard ing whether 
allo ge neic hema to poi etic stem cell trans plan ta tion (HSCT) 
is recommended in the fi rst com plete remis sion (CR). 1  In 
2017 the Euro pean LeukemiaNet (ELN) recommended muta-
tional screen ing for  FLT3 - ITD  (includ ing alle lic ratio),  NPM1 , 
CEBPA  (biallelic sta tus),  TP53 ,  ASXL1 , and  RUNX1  in addi-
tion to cyto ge netic anal y sis for the allo ca tion to one of the 
three prog nos tic categories. 1  Based on the risk - ben e fi t ratio
for allo ge neic HSCT, patients in the adverse and pos si bly 
in the inter me di ate group are can di dates for allo ge neic 
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HSCT in first CR. In our patient three impor tant muta tions were 
iden ti fied (FLT3-ITD, IDH2, TP53). The detec tion of FLT3-ITD in 
this patient allows the appli ca tion of front line-targeted ther-
apy with midostaurin. Midostaurin is an oral first-gen er a tion 
tyro sine kinase inhib i tor (TKI) and is now the stan dard of care 
in FLT3-mutated AML patients who can receive inten sive ther-
apy. Its approval by the US Food and Drug Administration (FDA) 
and the Euro pean Medicines Agency (EMA) was based on the 
RATIFY trial, a large inter na tional phase 3 trial that ran dom ized 
FLT3-mutated patients to treat ment with midostaurin vs pla cebo 
in com bi na tion with inten sive ther apy.2 Both over all sur vival (OS) 
and event-free sur vival (EFS) were sig nifi  cantly lon ger in the mi-
dostaurin com pared to the pla cebo arm with out dif fer ences in 
severe adverse events. The 4-year OS was 51.4% in the midostau-
rin arm vs 44.3% in the pla cebo arm. Of note, the sur vival ben e fit 
in the midostaurin arm was observed when looking at the whole 
cohort. In a sep a rate anal y sis of molec u lar sub groups (FLT3-ITD 
high or low, FLT3-TKD), the sur vival advan tage in the midostau-
rin arm did not reach sta tis ti cal sig nifi  cance, which is likely due 
to the sub groups being under pow ered.2 The sur vival advan tage 
observed in the midostaurin arm for the whole cohort was due 
to a sig nifi  cantly lower cumu la tive inci dence of relapse (CIR) if 

trans plan ta tion was not taken into account. After the com ple-
tion of con sol i da tion ther apy, midostaurin or pla cebo was given 
for up to 12 cycles as main te nance ther apy. A land mark anal y sis 
at the end of con sol i da tion ther apy with high-dose cytarabine 
showed no sig nifi  cant dif fer ences in OS and EFS between both 
treat ment arms. Due to these incon clu sive results with respect 
to the quan ti ta tive effect of main te nance ther apy, the effi cacy 
of the con tin ued treat ment after con sol i da tion ther apy is cur-
rently unclear.3 The favor able safety pro file of midostaurin was 
con firmed in the RADIUS-X expanded access pro gram.4

Another novel treat ment option for newly diag nosed AML 
patients with CD33 expres sion on leu ke mic blasts is gemtu-
zumab ozogamicin (GO) in com bi na tion with 7 + 3.5 GO com bines 
a CD33-directed anti body with the che mo ther apy agent cali-
cheamicin. CD33 is a suit able tar get in AML because it is highly 
expressed in most AML cells and much less on nor mal hema to-
poi etic cells. While prior data have been conflicting, espe cially 
with regard to tox ic ity, the French ALFA-0701 trial was designed 
to look directly at the effect of GO on the sur vival of older 
adults under go ing inten sive ther apy.6 In this ran dom ized, open- 
label phase 3 study, 280 older patients (aged 50-70 years) were 
either treated with GO (n = 140) on day 1, 4, and 7 or with out  

Figure 1. Frontline treatment algorithm in AML patients considering recently approved substances. mut, mutated.
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GO (n = 140) dur ing the 7 + 3 induc tion ther apy.6 Patients achiev-
ing CR were treated with 2 cycles of con sol i da tion ther apy with 
or with out GO according to their ini tial ran dom i za tion. The EFS 
at 2 years was 17.1% in the con trol arm vs 40.8% in the GO arm. 
Two-year OS was also sig nifi  cantly bet ter in the GO (53.2%) vs 
stan dard arm (41.9%; P = 0.037).6 A meta-anal y sis by Hills et  al. 
looked at the effi cacy of GO in 5 ran dom ized tri als involv ing 
3325 patients.7 Interestingly, the abso lute sur vival ben e fit was 
most appar ent in the patient group with favor able cyto ge net-
ics (20.7%), followed by patients with inter me di ate cyto ge net ics 
(5.7%).7 GO had no ben e fit in patients with adverse cyto ge net-
ics.7 In the AMLSG 09-09 trial, NPM1-mutated AML patients were 
ran dom ized to receive inten sive che mo ther apy with or with out 
GO. In this trial the EFS was not sig nifi  cantly dif fer ent between 
treat ment arms.8 However, the early death rate dur ing induc tions 
was higher, while the CIR was lower in the GO arm. This is in line 
with the find ing that the addi tion of GO leads to a bet ter reduc-
tion in NPM1 mutant tran script lev els across all  treat ment cycles.9 
Subgroup anal y sis revealed that the addi tion of GO showed a 
sig nifi  cant ben e fit for youn ger, FLT3-ITD-neg a tive, and female 
patients.8 The FDA and the EMA approved GO in com bi na tion 
with inten sive che mo ther apy for patients with newly diag nosed 
CD33+ AML. Considering the data outlined above, GO might be 
best suited for patients with favor able cyto ge net ics and with out 
an increased risk for early mor tal ity due to under ly ing infec tion.

For patients with newly diag nosed sec ond ary AML (s-AML), 
ther apy-related AML (tAML), or AML with myelodysplasia-related 
changes (AML-MRC), treat ment with CPX-351, a lipo so mal for mu-
la tion of dau no ru bi cin and cytarabine in a fixed com bi na tion, is 
now avail  able.10 In the ini tial phase 2 trial com par ing CPX-351 with 
stan dard inten sive treat ment in older AML patients, only the sub-
group of patients with sAML and adverse cyto ge net ics showed 
a sig nifi  cantly higher response rate (57.6% in the CPX-351 arm 
vs 31.6% in the stan dard arm).11 Based on these results, a large 
phase 3 trial was ini ti ated in older (aged 60-75 years) patients 
with high-risk AML or sAML.10 Here the median OS was 9.56 in the 
CPX-351 arm and 5.95 months in the 7 + 3 arm. The over all remis-
sion rate was also sig nifi  cantly bet ter with CPX-351 (47.7%) vs the 
stan dard arm (33.3%).10 Of note, 34% of patients in the CPX-351 
arm under went allo ge neic HSCT, com pared to 25% in the 7 + 3 
arm. In an explor atory land mark sur vival anal y sis from the time 
of trans plant, out comes were more favor able in the CPX-351 
arm. This is in line with results from an Ital ian com pas sion ate-use 
pro gram for CPX-351. Here, CIR was reduced in 71 older adult 
AML patients when allo ge neic HSCT was performed in the first 
CR, with a very favor able over all out come fol low ing trans plan-
ta tion.12 The encour ag ing results of the phase 3 trial resulted in 
FDA and EMA approval of CPX-351 for this dis tinct sub group of 
AML patients. In order to iden tify these patients with AML with 
MRC, cyto ge netic anal y sis is indis pens able.13 Real-life expe ri ence 
from a French ret ro spec tive study looked at 103 sAML, tAML, or 
AML-MRC patients treated with CPX-351.14 The over all response 
rate (ORR) was 59% after induc tion with an OS of 16.1 months 
at a median fol low-up time of 8.6 months. Importantly, patients 
with ASXL1 and RUNX1 muta tions, who are in the ELN unfa vor able 
prog nos tic group, showed sim i lar response rates as wild-type 
patients in con trast to patients with mutated TP53.14 The safety 
pro file was very favor able for CPX-351, with a low rate of alo pe cia 
(11%) and gas tro in tes ti nal tox ic ity (50%). Interestingly, a ret ro-
spec tive study involv ing 25 AML patients who received CPX-351 

as out pa tients sug gests that the admin is tra tion of CPX-351 with-
out planned admis sion is safe and might lead to a decreased 
uti li za tion of health care resources.15

Now we return to our patient. Based on the data above, 
he was treated with 7 + 3 and midostaurin. He achieved a CR 
after induc tion ther apy. Importantly, as he was allo cated to the 
adverse prog nos tic group (FLT3-ITD high with out NPM1 muta-
tion as well as the pres ence of TP53 muta tion), it was recom-
mended that he undergo allo ge neic HSCT in first CR. However, 
for those patients in CR who can not com plete inten sive ther apy 
after induc tion ther apy, main te nance ther apy with CC-486 has 
become another novel option. CC-486 is an oral HMA that is not 
bioequivalent to inject able azacitidine and has shown effi cacy in 
patients who have devel oped resis tance to inject able HMAs in 
prior stud ies.16,17 In the phase 3 QUAZAR AML-001 trial, 472 AML 
patients (aged 55 to 86 years) were ran dom ized to receive CC-
486 (238 patients) or pla cebo (234 patients).18 Median OS as well 
as EFS was sig nifi  cantly lon ger in the CC-486 arm (24.7 months, 
10.2 months, respec tively) com pared to the pla cebo arm (14.8 
months, 4.8 months). Hematological tox ic ity with neutropenia 
was more com mon in the CC-486 arm (41% in the CC-486 arm vs 
24% in the pla cebo arm). Based on the QUAZAR AML-001 results, 
the FDA and EMA granted approval for CC-486 as a main te nance 
ther apy for adult AML patients in CR/CR with incom plete hema-
to logic recov ery (CRi) after inten sive induc tion ther apy who are 
unable to com plete inten sive cura tive ther apy (eg, allo ge neic 
HSCT). CC-486 should not be substituted for inject able azacit-
idine because there are dif fer ences in phar ma co ki netic prop er-
ties between the oral and the inject able ver sion.

We still lack suf fi cient data about the effi cacy of com bin ing 
the above novel agents with each other.

Nonintensive ther apy with novel agents
Treatment has remained chal leng ing for older adult patients 
who can not receive inten sive ther apy.19 Hypomethylating agents 
such as azacitidine and decitabine have become impor tant treat-
ment strat e gies for older patients and have shown sur vival ben-
e fits when com pared to low-dose AraC (LDAC).20 However, the 
median OS for patients treated with azacitidine in a phase 3 trial 
was 10.4 months and only 7.1 months in a large pop u la tion-based 
study.21 In light of the fact that HMA monotherapy does not result 
in long-term remis sions, clin i cal tri als com bin ing HMAs (and LDAC) 
with venetoclax have dem on strated impres sive sur vival data. 
Venetoclax is an oral, highly selec tive small-mol e cule B-cell leu-
ke mia/lym phoma-2 inhib i tor with poor effi cacy as a sin gle agent 
in AML.22 However, in vitro and in vivo stud ies have shown syn er-
gism between che mo ther apy and venetoclax, supporting the use 
of venetoclax com bi na tions in AML. One mech a nism of syn er gism 
between azacitidine and venetoclax is through tran scrip tional 
induc tion of the proapoptotic BH3-only pro tein NOXA by azaciti-
dine.23,24 The VIALE-C study, an inter na tional phase 3 ran dom ized 
dou ble-blind trial, com pared venetoclax vs pla cebo in com bi na-
tion with LDAC in older (≥75 years) or youn ger patients unfit for 
inten sive ther apy.25 At a median fol low-up of 17.5 months, patients 
treated with venetoclax and LDAC (VEN-LDAC) achieved a sig nifi -
cantly lon ger median OS com pared to patients receiv ing pla cebo 
and LDAC (PBO-LDAC) (8.4 vs 4.1 months). Similarly, the CR rates 
as well as EFS were bet ter in the VEN-LDAC arm com pared to the 
PBO-LDAC arm (EFS, 4.9 months vs 2.1 months). The com bi na-
tion of azacitidine and venetoclax (VEN-AZA) yielded even more  
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encour ag ing results (VIALE-A trial).26 Here, older, pre vi ously un-
treated AML patients who were inel i gi ble for stan dard induc tion 
received VEN-AZA or pla cebo and azacitidine (PBO-AZA).26 The 
median OS was 14.7 months in the VEN-AZA arm vs 9.6 months in 
the PBO-AZA arm at a median fol low-up of 20.5 months. Thus, the 
median OS in the VEN-AZA arm was lon ger than reported in any 
other prior trial for front line, older adult AML patients. In addi tion, 
the CR rate, at 36.7% vs 17.9%, was also more favor able with the 
venetoclax com bi na tion. Grade ≥3 throm bo cy to pe nia and neu-
tropenia were more com mon in patients treated with venetoclax. 
Likewise, febrile neutropenia occurred in 42% of patients in the 
VEN-AZA arm vs 19% of patients in the PBO-AZA arm. Thus, it is 
essen tial to observe the patient closely for hema to log i cal tox ic ity 
in the form of cytopenias and fol low rec om men da tions for dose 
adjust ments when treating patients with venetoclax com bi na-
tions.27 Dose adjust ments also become nec es sary when comed-
ications have strong CYP3A4 inhib i tory activ ity (eg, anti fun gals, 
fluoroquinolones).27 Recent data sug gest that IDH1- and IDH2-mu-
tated AML patients achieve impres sive response rates, suggest-

ing that this molec u lar sub group, espe cially, ben e fits from adding 
venetoclax to azacitidine treat ment.28 The FDA has approved vene-
toclax in com bi na tion with HMAs or LDAC for newly diag nosed 
AML patients ≥75 years of age or patients with comorbidities pre-
clud ing inten sive induc tion ther apy (the EMA has approved vene-
toclax only in combination with HMAs). As HMA/VEN has evolved 
as a stan dard of care (in countries with approval), this com bi na-
tion also rep re sents the back bone of tri als with novel sub stances. 
Unfortunately, a ret ro spec tive anal y sis sug gests that once pa-
tients become unre spon sive to HMA/VEN the prog no sis is very 
poor.29 This might be related to the acqui si tion of high-risk cyto-
ge netic and molec u lar fea tures (eg, muta tions in TP53, N/KRAS, 
and/or KIT).29 For patients who are older but lack comorbidities, 
the ques tion arises as to whether inten sive ther apy or HMA/VEN 
treat ments are the wiser treat ment choice. To date, there is no 
ran dom ized trial com par ing inten sive che mo ther apy with HMA-
VEN head-to-head. However, a ret ro spec tive study com pared 
out comes of patients with inten sive che mo ther apy vs decit-
abine over 10 days in com bi na tion with venetoclax (DEC10-VEN).  

Figure 2. Treatment of relapsed/refractory AML patients considering recently novel substances. dDLI, donor lymphocyte infusion; 
BSC, best supportive care; HU, hydroxyurea; mut, mutated.
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Table 1. Recently approved drugs for AML

Drug Indication Route of admin is tra tion Significant find ings in clin i cal 
tri als

Issues need ing spe cial 
atten tion

Midostaurin
Rydapt®

Ne wly diag nosed FLT3 
mut AML in com bi-
na tion with inten sive 
ther apy (FDA, EMA)

Oral Phase 3 trial (RATIFY):
in ten sive che mo ther apy + 

midostaurin vs pla cebo:
4- year OS: 51.4% midostaurin 

vs 44.3% pla cebo

Ca reful admin is tra tion of 
comedications with strong 
CYP3A4 inhib i tory activ ity

CPX-351
Vyxeos®

Ne wly diag nosed tAML, 
AML-MRC (FDA, EMA)

IV Phase 3 trial:
me dian OS 9.6 (CPX-351) vs 6.0 

months (stan dard che mo-
ther apy)

Si de effects sim i lar to stan-
dard che mo ther apy but less 
alo pe cia

Gemtuzumab 
ozogamicin
Mylotarg®

Ne wly diag nosed CD33+ 
AML (FDA, EMA) in 
com bi na tion with 
inten sive ther apy, R/R 
CD33+ AML in com bi-
na tion with inten sive 
ther apy (FDA)

IV Phase 3 trial (ALFA-0701):
in ten sive che mo ther apy +/− 

GO:
2- year OS: 53.2% GO vs 41.9% 

stan dard

He patotoxicity (includ ing 
veno-occlu sive dis ease), 
infu sion-related reac tions, 
infec tion

Venetoclax
Venclexta®

Ne wly diag nosed AML 
in patients ≥75 years 
or with comorbidities 
pre clud ing inten sive 
ther apy; in com bi-
na tion with LDAC or 
HMA (FDA)

Oral VIALE-A trial:
VEN-AZA vs pla cebo:
me dian OS 14.7 (venetoclax) 

vs 9.6 months (pla cebo)
VIALE-C trial:
LDAC-VEN vs pla cebo:
median OS 8.4 (venetoclax)
vs 4.1 months (pla cebo)

He matological tox ic ity (fol-
low recommended dose 
adjust ments), neutropenic 
fever, dose adjust ments if 
comedications with strong 
CYP3A4 inhib i tory activ ity, 
tumor lysis syn drome (but 
much rarer than in CLL)

Glasdegib
Daurismo®

Ne wly diag nosed AML 
in patients ≥75 years 
or with comorbidities 
pre clud ing inten sive 
ther apy; in com bi na-
tion with LDAC (FDA, 
EMA)

Oral Phase 2 BRIGHT AML 1003 trial:
LDAC +/− glasdegib:
me dian OS was 8.8 (LDAC-

glasdegib) vs 4.9 months 
(LDAC alone)

Musculoskeletal pain

CC-486
Onureg®

Ma intenance ther apy 
AML patients in 
CR/CRi after inten sive 
induc tion who are 
unable to com plete 
inten sive cura tive 
ther apy

Oral Phase 3 QUAZAR AML-001:
CC-486 vs pla cebo:
me dian OS 24.7 (CC-486) vs 

14.8 months (pla cebo)

GI tox ic ity, neutropenia

Enasidenib
Idhifa®

R/R IDH2 mut AML as
monotherapy (FDA)

Oral Phase 1/2 trial:
OR  in 40.3% of patients, OS 

9.3 months

Ch eck IDH2 muta tional sta tus 
at time of R/R dis ease,

ID H dif fer en ti a tion syn drome, 
indi rect hyperbilirubinemia

Ivosidenib
Tibsovo®

Ne wly diag nosed or 
R/R IDH1 mut AML as 
monotherapy(FDA)

Oral Phase 1b:
mo notherapy CR in 22% and 

OR in 42% of patients

Ch eck IDH1 muta tional sta tus 
at time of diag no sis and 
R/R dis ease,

ID H dif fer en ti a tion syn drome, 
indi rect hyperbilirubinemia

Gilteritinib 
Xospata®

R/ R FLT3 mut AML as 
monotherapy (FDA, 
EMA)

Oral Phase 3 (ADMIRAL) trial:
gi lteritinib vs sal vage che mo-

ther apy:
CR /CRi 34% (gilteritinib) vs 

15.4% (sal vage ther apy); 
OS 9.3 (gilteritinib) vs 5.6 
months (sal vage ther apy)

Ch eck FLT3 muta tional sta tus 
at time of R/R dis ease

CLL, chronic lym pho cytic leu ke mia; CRi, CR with incom plete hema to logic recov ery; IV, intra ve nous; mut, mutated; OR, over all response.
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The CR/CRi rates and relapse rates were more favor able in the 
DEC10-VEN arm. In addi tion, OS was sig nifi  cantly lon ger in DEC10-
VEN-treated patients.30 In sum mary, the intro duc tion of venetoclax 
has mark edly changed the sur vival out look for older AML patients.

Glasdegib, a small-mol e cule hedge hog inhib i tor, is another 
drug that has received approval by the FDA and the EMA for 
older, newly diag nosed AML patients (≥75 years) or patients with 
comorbidities that pre clude inten sive ther apy. The approval was 
based on a phase 2, ran dom ized, open-label, mul ti cen ter study 
that com pared LDAC vs LDAC/glasdegib. Median OS was 8.8 
months with the com bi na tion com pared to 4.9 months with LDAC 
alone.31 Of note, a head-to-head com par i son between VEN/LDAC 
or VEN/HMA and LDAC/glasdegib is cur rently miss ing.

For one molec u lar sub group of patients, targeted ther apy is 
now avail  able: older AML patients (≥75 years) or AML patients 
with sig nifi  cant comorbidities who carry a muta tion in IDH1. 
Ivosidenib is an oral, targeted agent that inhib its mutant IDH1 
and con se quently blocks the pro duc tion of the oncometabolite 
2-hydroxyglutarate. Ivosidenib has been stud ied as monother-
apy in IDH1-mutated AML patients in a phase 1b trial.32 Of the 258 
patients in the trial, the major ity had R/R AML (179 patients). In 
the pri mary effi cacy cohort, 21.6% of patients achieved CR and 
41.6% an over all response, with a median dura tion of response 
of 9.3 and 6.5 months, respec tively. The IDH dif fer en ti a tion syn-
drome is a dis tinct side effect of IDH inhib i tors and requires a 
phy si cian’s aware ness. It was observed in 3.9% of patients in this 
trial. The FDA (but not the EMA) approved ivosidenib for older 
(≥75 years) patients or patients with sig nifi  cant comorbidities 
as a monotherapy for newly diag nosed, IDH1-mutant as well 
as R/R AML. In a phase 1b trial, the com bi na tion of azacitidine 
with ivosidenib was well tol er ated, and patients showed dura ble 
remis sions.33 Thus, we eagerly await the results of the pla cebo-
con trolled phase 3 trial with this com bi na tion.

Treatment of AML in relapse
Due to clonal evo lu tion, it is advis able to repeat muta tional pro-
fil ing at the time of relapse.34 While some muta tions are sta ble 
dur ing dis ease pro gres sion, oth ers are lost or gained at the time 
of relapse.35 Interestingly, the fol low-up data of the RATIFY trial 
showed that 46% of patients became FLT3-ITD-neg a tive at the 
time of dis ease resis tance or pro gres sion.36 For patients who show 
an FLT3 muta tion in relapse, gilteritinib, an oral, sec ond-gen er a-
tion TKI, is now avail  able. Gilteritinib was com pared to sal vage 
ther apy in a large ran dom ized phase 3 trial (ADMIRAL).37,38 Here, 
patients were ran dom ized to receive gilteritinib vs sal vage che-
mo ther apy according to local inves ti ga tors’ choice. Gilteritinib 
was asso ci ated with higher CR/CRi rates (34% vs 15.4%). This pos-
i tive effect trans lated into a lon ger OS in the gilteritinib arm (9.3 
vs 5.6 months).38 Importantly, severe adverse events were less fre-
quent in the gilteritinib arm. While only 5.7% of patients in the 
ADMIRAL trial received midostaurin dur ing front line treat ment, a 
ret ro spec tive study of 13 med i cal cen ters ana lyzed the effi cacy 
of gilteritinib in R/R AML patients pre vi ously treated with a TKI. 
In this patient pop u la tion, the CR rates were 58% with an OS of 
7.8 months, suggesting that gilteritinib is no less effec tive after 
pre vi ous TKI treat ment. This is rel e vant, as in the RATIFY trial 11% 
of patients devel oped ITD clones resis tant to midostaurin dur ing 
dis ease pro gres sion.36

For IDH2-mutated AML patients, the FDA (not the EMA) 
approved enasidenib, an oral inhib i tor of mutated IDH2, as a 
monotherapy for R/R AML patients.39,40 The approval was based 
on a phase 1/2 trial.29 Here, enasidenib monotherapy achieved 
an ORR of 40.3%, with a median dura tion of response of 5.8 
months and a median OS of 9.3 months in R/R IDH2-mutated 
AML patients.40

GO also received approval by the FDA (not the EMA) for R/R 
patients with CD33+ AML and can be added to inten sive ther apy. 
So if our patient relapses after HSCT with the same molec u lar 
pro file (FLT3-ITD pos, IDH2 mut), targeted ther apy is avail  able 
with gilteritinib or enasidinib (Figure 2).

Further direc tions
Various agents cur rently undergo eval u a tion in early clin i cal AML 
tri als. Magrolimab is a mono clo nal anti-CD47 anti body. CD47 
is known to be a mac ro phage immune check point that func-
tions as a “don’t eat me” sig nal to can cer so that magrolimab 
can pro mote phago cy to sis of leu ke mic cells. Magrolimab was 
com bined with azacitidine in a phase 1b trial enroll ing 52 AML 
patients.41 In this trial, 65% of patients achieved an objec tive 
response, with 44% of patients achiev ing a CR. Magrolimab re-
ceived orphan drug des ig na tion by the FDA for myelodysplastic 
syndrome (MDS) and AML and by the EMA for AML in 2020. APR-
246 is a prom is ing agent devel oped for patients with mutated 
TP53, as it restores its func tion as a tumor sup pres sor gene.42 
Early tri als have com bined APR-246 with azacitidine in MDS and 
AML. In a phase 1/2 trial, the ORR was 64% with a 36% CR rate 
in TP53-mutated AML patients.43 These encour ag ing results have 
been con firmed in a sec ond study show ing a CR rate of 56% 
at 6 cycles. APR-246 has received orphan drug and fast-track 
des ig na tions from the FDA for MDS and orphan drug des ig na-
tion from the EMA for AML and MDS. Menin is a prom is ing tar-
get for AML patients with mixed-lineage leukemia trans lo ca tions, 
and menin inhib i tors are cur rently being stud ied in clin i cal tri-
als.44 Many more sub stances are in early devel op ment for AML 
patients. Importantly, clin i cal tri als study ing novel agents with 
new com bi na tions are also ongo ing (eg, IDH inhib i tors with che-
mo ther apy, FLT3 inhib i tors with HMAs). Finally, yet impor tantly, 
advance ment in mea sur able resid ual dis ease mon i tor ing is also 
likely to influ ence our treat ment deci sions and have a pos i tive 
impact on out come.45 In sum mary, the treat ment land scape has 
evolved remark ably over the last 5 years with the approval of a 
num ber of new drugs (Table 1). This has direct impli ca tions for 
our 66-year-old patient.
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