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   Acute mye loid leu ke mia (AML) sec ond ary to ante ced ent hema to logic dis or der or prior ther a peu tics for can cer rep re sent a 
diverse group of leu ke mias often asso ci ated with infe rior out comes. Conventional ther apy with cytarabine - based che mo-
ther apy has been the main stay of care for the past 30 years with dis ap point ing over all out comes. Novel ther a pies, includ-
ing lipo so mal cytarabine / dau no ru bi cin, and venetoclax - based ther a pies have emerged as options in recent years based 
on stud ies show ing improve ment in out comes over stan dard - of - care ther a pies. Despite these advances, muta tions in    TP53
are asso ci ated with infe rior response to both ther a pies and rep re sent an area of unmet clin i cal need. Novel strat e gies with 
immune - targeted ther a pies such as CD47 mono clo nal antibodies appear active in early - phase stud ies, but ran dom ized 
stud ies have yet to report out comes lead ing to approval. Allogeneic trans plant remains the only known cura tive ther apy 
for many of these cases. Nonetheless, pretransplant high - risk molec u lar fea tures of sec ond ary AML are asso ci ated with 
infe rior out come despite trans plan ta tion. An opti mal approach to sec ond ary AML is yet to be deter mined.  

   LEARNING OBJECTIVES 
    •  Secondary acute mye loid leu ke mia (AML) encompasses both ther apy - related mye loid neo plasms and ante ced ent 

myelodysplastic syn drome and / or mye lo pro lif er a tive neo plasm 
   •  Favorable risk sec ond ary AML is rare but can be man aged like de novo favor able risk dis ease 
   •  Allogeneic stem cell trans plant remains the pre ferred option in fi rst com plete remis sion for inter me di ate -  and 

unfa vor able - risk dis ease 
   •  Venetoclax and hypomethylating agent com bi na tion may be used as a bridge to trans plant or des ti na tion ther apy 
   •  Emerging ther a pies may fur ther expand treat ment options for this his tor i cally older, frailer pop u la tion with com-

plex genetic changes and  TP53  muta tions  

  Introduction 
 Secondary acute mye loid leu ke mia (AML) has been his tor-
i cally divided into 2 categories based on known risks for 
devel op ment of dis ease from either (1) ante ced ent mye loid 
neo plasm such as myelodysplastic syn drome (MDS) or mye-
lo pro lif er a tive neo plasm (MPN) or (2) expo sure to ion iz ing 
radi a tion and / or cyto toxic che mo ther apy ( Table 1 ). In pop u-
la tion - based cohort series, sec ond ary AML accounts for 20 %  
to 30 %  of all  AML cases. 1,2  The pre vi ous World Health Organi-
zation (WHO) 2016 clas si fi  ca tion included the sep a rate cat-
egories of AML with myelodysplastic changes (AML - MRC) 
and ther apy - related mye loid neo plasms (tMNs), which were 
the for mal categories of sec ond ary AML. 3  The WHO clas si-
fi  ca tion of tMN was subdivided into ther apy - related acute 
mye loid leu ke mia and ther apy - related   myelodysplastic 
syndrome. The fact that both MDS and AML are included in 
the sin gle cat e gory of  “ ther apy - related mye loid neo plasm ”  
empha sizes that regard less of pre cise blast count above or 
below 20 % , sim i lar biol ogy, path o gen e sis, and risk of rapid 

pro gres sion with poor prog no sis guide the need for treat-
ment and trans plant eval u a tion for most patients. 

 The lat est edi tions of the WHO clas si fi  ca tion 4  and the 
International Consensus Classifi cation 5  fur ther empha size 
dis ease biol ogy and genetic fea tures while soft en ing the 
bound ary between MDS and AML. The WHO clas si fi  ca tion 
now spe cifi   cally elim i na tes blast cut offs for most AML types 
with defi n ing genetic alter ations but retains a 20 %  blast 
cut off to delin eate MDS from AML in cases lacking such 
genetic alter ations. AML - MRC has been updated to AML, 
myelodysplasia related (AML - MR). AML - MR har bors spe cifi c 
muta tional or cyto ge netic abnor mal i ties and can no lon ger 
be defi ned by mor phol ogy alone. Either the pres ence of 
1 or more molec u lar and cyto ge netic abnor mal i ties or a his-
tory of MDS / MPN is required for a diag no sis of AML - MR. Fur-
ther com pli cat ing these dis tinc tions, patients with aplastic 
ane mia or inherited bone mar row fail ure syn dromes may 
also develop AML, par tic u larly if dom i nant clones emerge. 
Far more com monly, patients have had prior cyto toxic 
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ther apy or known MDS/MPN, or they can be clas si fied into AML-
MR based solely on the pres ence of myelodysplasia-related 
chro mo somal or muta tional find ings. Meanwhile, tMN has been 
replaced by mye loid neo plasm post–cyto toxic ther apy, still 
requir ing a documented his tory of che mo ther apy treat ment or 
large-field radi a tion ther apy for an unre lated neo plasm.

Within both categories of AML-MR and AML, post–cyto toxic 
ther apy (AML-pCT), sim i lar chro mo somal and molec u lar abnor-
mal i ties are found, suggesting a com mon final path way. Sec-
ondary leu ke mia from ante ced ent MDS/MPN appears to share a 
typ i cal evo lu tion ary path way, with sev eral genes distinguishing 
sec ond ary AML from de novo AML with high spec i fic ity.6 Second-
ary leu ke mias after cyto toxic ther apy may evolve through a sim-
i lar MDS evo lu tion ary path way or acquire TP53 or other driver 
muta tions directly from che mo ther apy, radi a tion, or immu-
no sup pres sion. Common cyto ge netic and molec u lar fea tures 
reflect this var i abil ity, with 50% of patients with AML-pCT hav ing 
poor-risk cyto ge net ics. The most fre quent molec u lar aber ra tion 
is TP53 (33%), and only 15% of patients with AML-pCT pres ent 
with favor able-risk fusion genes (RUNX1::RUNX1T1, CBFB::MYH11, 
PML::RARA). Age-related increase in clonal hema to poi e sis7 may 
pre dis pose patients to develop sec ond ary leu ke mia as an accre-
tion of muta tions leads to mye loid neo plasms, espe cially under 
the selec tive pres sure of che mo ther apy.8

Therapy-related mye loid neo plasms may arise after a vari-
ety of treat ments, with clas sic exam ples being alkylating agents 
lead ing to AML-pCT with ante ced ent MDS, with abnor mal i ties of 
chro mo some 5 and/or 7 or topoisomerase II inhib i tors lead ing to 
KMT2A gene rearrangements at 11q23. Beyond recur ring gene or 
chro mo somal rearrangements, other ther a pies can lead to leu ke-
mia by selecting preexisting clones resis tant to che mo ther apy, 
with recent novel ther apy exam ples includ ing poly (ADP-ribose) 
polymerase inhib i tors and lenalidomide (see Figure 1).1,9

Outcomes in both AML-MR and AML-pCT appear sim i lar 
across genetic sub sets. Rare sub sets of favor able-risk treat-

ment-related dis ease such as AML with inv16 or t(8;21) and 
acute promyelocytic leukemia t(15;17) appear to have dimin-
ished over all sur vival com pared with de novo AML. However, 
the impact of confounding from the ante ced ent malig nancy or 
advanced age is often not exam ined in ret ro spec tive stud ies 
com par ing out comes in sec ond ary AML to de novo AML. Clini-
cally, diag no sis requires inte gra tion of clin i cal his tory, mor pho-
logic changes, cyto ge net ics, and molec u lar ana ly ses. Each of 
these com po nents may change treat ment strat e gies and ulti-
mate out come. Herein we describe the genetic and molec u lar 
fea tures asso ci ated with the sec ond ary AMLs and approaches 
and out comes of con ven tional and emerg ing ther a pies.

CLINICAL CASE 1
A 55-year-old woman with a remote his tory of Bur kitt lym-
phoma presented for rou tine annual exam i na tion and was found 
on com plete blood count to have pan cy to pe nia. White blood 
cell count was 900/µL, hemo glo bin was 7.4 g/dL, and plate-
let count was 101 000/µL. Bone mar row exam i na tion revealed 
28% blasts by mor phol ogy, and kar yo type was com plex 43,XX, 
del(5)(q11.2q33),-13,add(14) (p11.2),add(17)(p11.2),dic(18;19)(p11;2; 
q13.1),psu dic(22;1)(q13;p13)[16]/45,XX,del(5),der(13;14) (q10;q10), 
add(17),add(20)(q13.1)[2],46,XX[2]. Molecular stud ies revealed 
TP53 muta tion at R248Q with 62% variant allele frequency (VAF). 
Performance sta tus was excel lent, and she had nor mal end- 
organ func tion. Her lym phoma his tory was nota ble for 30 years 
of ongo ing remis sion after multiagent che mo ther apy in her early 
20 s. She had an unknown quan tity of anthracycline expo sure, 
and records of the ther apy were unavail able. Echocardiogram 
at time of diag no sis revealed nor mal ejec tion frac tion with out 
regional wall motion abnor mal i ties.

Table 1. Summary of World Health Organization AML Classifications3

Category Key fea tures

De novo AML

 • AML with defin ing genetic abnor mal i ties Defined bal anced trans lo ca tion/inver sions and gene muta tions (eg, mutated NPM1, biallelic CEBPA, 
RUNX1::RUNX1T1). Only AML with BCR::ABL1 fusion and AML with CEBPA muta tion require ≥20% blast 
count in PB or BM.

 • AML defined by dif fer en ti a tion* ≥20% PB or BM blasts with fur ther subcategories based on mor phol ogy, cyto chem is try, and 
immunophenotype

Secondary mye loid neo plasms

 • AML, myelodysplasia related ≥20% PB or BM blasts and prior ther apy has been excluded with either spe cific cyto ge netic abnor-
mal i ties or somatic muta tions.† This includes patients with known his tory of MDS or MDS/MPN.

 •  AML, post–cyto toxic ther apy (pre vi ously 
ther apy-related mye loid neo plasms)

≥20% PB or BM blasts and patient-devel oped mye loid neo plasms fol low ing cyto toxic ther apy

 •  Myeloid neo plasms with germline  
pre dis po si tion

Includes mye loid neo plasms with germline path o logic/likely path o logic muta tions in CEPBA, DDX41, 
TP53, RUNX1, ANKRD26, ETV6, GATA2, SAMD9, SAMD9L, and BLM along with telo mere biol ogy dis or-
ders, RASopathies, Down syn drome, and bone mar row fail ure syn dromes. Phenotype of AML vs MDS 
with germline pre dis po si tion based on pres ence or absence of >20% PB or BM blasts, respec tively.

*AML not oth er wise spec i fied is no lon ger rec og nized as a cat e gory.
†Cytogenetic abnor mal i ties include 5q dele tion or loss of 5q due to unbal anced trans lo ca tion; mono somy 7, 7q dele tion, or loss of 7q due to unbal-
anced trans lo ca tion; 11q dele tion; 12p dele tion or loss of 12p due to unbal anced trans lo ca tion; mono somy 13 or 13q dele tion; 17p dele tion or loss of 
17p due to unbal anced trans lo ca tion; iso chro mo some 17q; and idic(X)(q13). Molecular somatic muta tions include SRSF2, SF3B1, U2AF1, ZRSR2, ASXL1, 
EZH2, BCOR, and STAG2.
BM, bone mar row; PB, periph eral blood.
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This patient has mye loid neo plasm, post–cyto toxic ther apy, 
and her blasts >20% put her in the acute mye loid leu ke mia cat-
e gory. Cohorts of AML-pCT tend to con tain more women than 
men as the most com mon pri mary malig nancy is breast can-
cer followed by non-Hodgkin lym phoma.10 Despite the long 
latency from treat ment to AML-pCT pre sen ta tion, her com plex 
kar yo type and TP53 muta tion are com mon fea tures of AML-pCT. 
Multiple treat ments are options in this case. Standard-of-care 
ther apy with “7 + 3” (7 days of cytarabine and 3 days of anth-
racycline) would be the most com mon approach in this case, 
given a 33% to 55% over all response rate in sec ond ary AML with 
inten sive che mo ther apy.1,11 However, the full molec u lar and kar-
yo typic pat tern would pre dict for a low over all response rate. 
Based on kar yo typic changes alone, she also meets cri te ria for 
AML, myelodysplasia related,3,5 and as such, ther apy with lipo-
so mal cytarabine and dau no ru bi cin (CPX-351) could be con sid-
ered.12 The over all response rates asso ci ated with sec ond ary 
AML and TP53-mutant leu ke mia for both 7 + 3 and lipo so mal 
cytarabine/dau no ru bi cin are sum ma rized in Table 2. The long-
term sur vival with either ther apy is very lim ited and only found 
in patients who can pro ceed with allo ge neic trans plan ta tion.13,14 
The patient’s his tory of high-grade lym phoma and exten sive 
remote che mo ther apy expo sure would also com pli cate her tol-
er ance of high-inten sity che mo ther apy. With lim ited knowl edge 
about her anthracycline expo sure, the choice of a reg i men with 
anthracyclines becomes prob lem atic even with nor mal ejec tion 
frac tion and use of cardio protection with dexrazoxane.

There were lower-inten sity options offer ing rea son able remis-
sion rates as a bridge to cura tive intent trans plant. Azacitidine and 
venetoclax (aza/ven) has been asso ci ated with com plete response 
(CR) and com plete remis sion with incom plete blood count recov-
ery rate in AML with poor-risk cyto ge net ics and TP53 muta tions of 
41% in a recent review of older adults who were unfit for induc tion 
che mo ther apy in phase 1b and phase 3 stud ies of aza/ven.15 Given 
no pro spec tive com par a tive stud ies and a grow ing body of ret ro-
spec tive stud ies that show sim i lar over all sur vival with venetoclax 
and hypomethylating agents com pared with more tra di tional 
inten sive che mo ther apy approaches, a patient-cen tered dis cus-
sion of puta tive risks and ben e fits is appro pri ate.16,17 This patient 
had a strong pref er ence for out pa tient-based ther apy, and as 
such, we proceeded with this ther apy. She achieved CR after 1 
course and com pleted 5 cycles of aza/ven before pro ceed ing to 
myeloablative allo ge neic stem cell trans plant 26 months ago with 
under 5% VAF TP53 muta tion and nor mal kar yo type at the time of 
trans plant. She has ongo ing remis sion and nor mal blood counts 
with out active graft-vs-host dis ease.

Data on trans plant in this sec ond ary AML sub set reflect out-
comes predicted by pretransplant molec u lar and cyto ge netic 
risks in de novo AML. Several stud ies sup port myeloablative 
con di tion ing over reduced inten sity con di tion ing in improved 
relapse-free sur vival and equal or supe rior over all sur vival, 
although his tor i cally for TP53 muta tion, the ben e fit has been less 
clear, espe cially in MDS.18 In addi tion, the pres ence of mea sur able 
resid ual dis ease (MRD), defined as detec tion of any of a sub set 
of 13 com monly mutated genes on ultra-deep error-corrected 
sequenc ing of preconditioning blood, appears to con fer the 
highest risk of relapse on patients who receive a nonmyeloabla-
tive trans plant.19 It is unknown if MRD-neg a tive patients may forgo 

Figure 1. Descriptive data by AML type. (A) Incidence of de 
novo AML, secondary AML (sAML), and therapy-related AML 
(tAML) in Denmark by year of diagnosis. Distribution of previ-
ous disease in (B) 203 patients with tAML and (C) 603 patients 
with sAML. Originally published in Østgård LSG, Medeiros 
BC, Sengeløv H, et al. Epidemiology and clinical significance 
of secondary and therapy-related acute myeloid leuke-
mia: a national population-based cohort study. J Clin Oncol. 
2015;33(31):3641–3649.1
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myeloablative reg i mens.20 In this case, the achieve ment of remis-
sion allowed for trans plan ta tion to pro ceed. Despite the mod-
est response rate published with aza/ven, the dura bil ity of these 
responses is often lim ited to less than 6 months, high light ing the 
need for more effec tive and dura ble ther apy in this sub set.15,21 Our 
cur rent approach favors stem cell trans plant when pos si ble, but 
for inter me di ate- or adverse-risk patients who are inel i gi ble or 
bor der line can di dates for trans plant, novel ther a pies are needed.

CLINICAL CASE 2
A 52-year-old woman with a his tory of tri ple-neg a tive breast 
can cer fol low ing adju vant radiation therapy along with doxo-
ru bi cin, cyclo phos pha mide, and docetaxel was found to have 
40% blasts on rou tine blood work 12 months after com ple tion 
of che mo ther apy. Bone mar row biopsy spec i men con firmed 

AML with 73% blasts, and chro mo some anal y sis revealed 48,XX, 
+8,+13,t(16;16) (p13.1;q22)[20]. Molecular stud ies revealed a 
NRAS G13D muta tion with a VAF of 38%. Her life time anthra-
cycline dose was 240 mg/m2. She has no evi dence of breast 
can cer at the time of diag no sis of AML.

Acute leu ke mia after expo sure to ion iz ing radi a tion or che mo-
ther apy rarely pres ents with oth er wise favor able genetic mark ers 
such as fusions of RUNX1-RUNXT1, CBFB-MYH11, and PML-RARA in 
~15% of cases.10 In the case of acute promyelocytic leukemia after 
che mo ther apy, the out comes appear as favor able as the out-
comes in patients who had never been exposed to che mo ther-
apy.22 On occa sion, core bind ing fac tor AML is found in patients 
with prior che mo ther apy expo sure, and review of the out comes 
of these patients sug gests stan dard-of-care ther a pies are asso-
ci ated with shorter over all sur vival than de novo cases. That said,  

Table 2. Representative efficacy outcomes in AML subsets
 

Regimen
Response rates Overall sur vival

All groups TP53 All groups TP53

Intensive reg i mens

7 + 3 (cytarabine and anthracycline)2,11,12,37 CR: 35%-71%
CR/CRi: 40%-71%
sAML sub set:
CR: 26%-52%
CR/CRi: 33%-55%

CR: 30%-34%
CR/CRi: 40%

sAML sub set:
5–10 mo

5–6 mo

CPX-351 (lipo so mal cytarabine  
and dau no ru bi cin)12,16,37

sAML sub set:
CR: 7%-12%
CR/CRi: 45%-48%

CR: 29%
CR/CRi: 29%

sAML sub set:
10–13 mo

4–6 mo

Nonintensive reg i mens

Azacitidine and venetoclax16,17,21 CR: 40%
CR/CRi: 65%
sAML subset:
CR/CRi: 60%

CR: NA
CR/CRi: 50%-55%

11–16 mo
sAML sub set:
11–16 mo

5–7 mo

Azacitidine or decitabine  
monotherapy21,38

CR: 13%-24%
CR/CRi: 18%-27%
sAML sub set:
CR/CRi: 25%

CR: 24%-40%
CR/CRi: 0%-40%

6–11 mo
sAML sub set:
7–8 mo

2–7 mo

Low-dose cytarabine (LoDAC)38–40 CR: 3%-24%
CR/CRi: 5%-34%
sAML sub set:
CR: 0%

CR: 0%-11%
CR/CRi: 0%-22%

4–5 mo
sAML sub set:
4 mo

2–3 mo

Glasdegib and LoDAC41,42 CR: 18%
CR/CRi: 24%
sAML sub set:
CR: 24%

CR: 24%*
CR/CRi: NA

8–9 mo
sAML sub set:
9 mo

5–6 mo*

Experimental reg i mens

CD47/SIRPα inhib i tors with HMA  
(eg, magrolimab)35

CR: 44%
CR/CRi: 56%

CR: 48%
CR/CRi: 67%

18.9 mo 12.9 mo

TIM-3 inhib i tors with HMA  
(eg, sabatolimab)43

NA CR: 25%
CR/CRi: 30%

NA NA

Bispecific anti body ther a pies  
(eg, flotetuzumab) in R/R AML44

NA CR: 27%
CR/CRi: 40%

NA 4.5 mo

Representative effi cacy out comes in sub sets of acute mye loid leu ke mia with myelodysplasia-related changes, ther apy-related mye loid neo plasm, 
and TP53. Early clin i cal trial data are presented for rep re sen ta tive exper i men tal reg i mens with listed agents.
*Poor cytogenic risk group reported, no sep a rate TP53 mutated sub set data avail  able.
CRi, com plete remis sion with incom plete count recov ery; HMA, hypomethylating agent; NA, not available; R/R, relapsed refrac tory dis ease; sAML, 
sec ond ary AML.
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over all out comes appear deter mined by addi tional adverse 
genetic fea tures more so than by prior expo sure to cyto toxic 
ther a pies.23 A ret ro spec tive col lec tion of 69 patients with treat-
ment-related core bind ing fac tor leu ke mia revealed patients 
with sec ond ary cyto ge netic abnor mal i ties had lon ger over all 
sur vival than those with out abnor mal i ties. Presence of tri somy 8 
and tri somy 22 and loss of X or Y chro mo some were asso ci ated 
with improved sur vival in both the post–cyto toxic ther apy and 
de novo sub sets.23 In these sit u a tions, we advo cate stan dard-
of-care ther a pies with cytarabine-containing induc tion reg i mens 
plus gemtuzumab ozogamicin.24 This high lights a prin ci ple that 
the key fea ture of sec ond ary AML is the spe cific genetic changes 
pres ent rather than prior ther apy or ante ced ent MDS or MPN.

In these cases, mon i tor ing MRD via high-sen si tiv ity poly mer-
ase chain reac tion (PCR)–based test ing of the blood should be 
performed to doc u ment an MRD-neg a tive remis sion for ther apy 
to con tinue with cura tive intent con sol i da tion. RUNX1::RUNX1T1 
or CBFB::MYH11 fusion genes cor re spond ing to t(8;21) or 
inv(16/t(16;16) changes can be mon i tored by blood-level real-
time quan ti ta tive PCR with high sen si tiv ity (10–4 to 10–6), allow-
ing poten tial early inter ven tion.25 For these assays to be most 
reli able, assess ment via molec u lar assays at the time of diag no-
sis is crit i cal to estab lish the abil ity to detect fusions that occa-
sion ally can be missed if noncanonical gene fusions are pres ent. 
Even in the sec ond ary leu ke mia set ting, patients with oth er-
wise favor able leu ke mias can have rea son able out comes with 
non-trans plant-based ther apy. Measurement of RUNX1-RUNX1T1 
MRD via reverse tran scrip tion (RT)–PCR after course 1 of 7 + 3 with 
gemtuzumab and course 2 of high-dose cytarabine revealed no 
detect able evi dence of dis ease, and the patient has com pleted 
4 courses of con sol i da tion with out trans plant in first CR.

CLINICAL CASE 3
A 69-year-old woman presented for short ness of breath and 
was found to have pan cy to pe nia. She had no prior diag no sis of 
an ante ced ent MDS or MPN and no his tory of cyto toxic ther a-
pies. Bone mar row biopsy spec i men revealed AML, myelodys-
plasia related. Blasts were enu mer ated at 68%, and dys pla sia 
was greater than 50% in 2 cell lines. Karyotype was nor mal. 
Molecular test ing revealed NPM1 (46% VAF), IDH1 R132H (48% 
VAF), SRSF2 (45% VAF), and FLT3-ITD (4.5% VAF). She is fit for 
induc tion che mo ther apy.

AML-MR falls under a cat e gory of AML included in the sec-
ond ary sub set. This case high lights a com mon sce nario where 
a patient pres ents with out a known ante ced ent dis or der and 
is still man aged as hav ing sec ond ary AML. In this case, the 
founder muta tion in the IDH1 gene at R132H likely predisposed 
the patient to the dys plas tic fea tures seen in this pre sen ta tion. 
Therapeutic options include con ven tional ther apy with 7 + 3 or 
CPX-351, which has been approved for patients with AML-MR.12 
In this case, before know ing the results of the NPM1 and FLT3 
test ing, the patient ini ti ated ther apy with lipo so mal cytarabine/ 
dau no ru bi cin. Upon deter mi na tion of the low-level FLT3-ITD 
muta tion, midostaurin was added on days 8 to 21 based on 
improved over all sur vival with stan dard 7 + 3 induc tion ther apy 
plus midostaurin in the RATIFY trial.26 She was found to have 

MRD-neg a tive remis sion at the com ple tion of induc tion via 
assess ment of NPM1 with quan ti ta tive RT-PCR and proceeded 
to nonmyeloablative stem cell trans plant given her age over  
65 years.

This case high lights some com plex ity in the diag nos tics and 
char ac ter iza tions of AML with the evo lu tion of novel ther a pies 
and evolved risk cat e go ri za tions to include molec u lar changes. 
By the WHO 2016 clas si fi ca tion sys tem, the pres ence of dys pla-
sia alone would have been suf fi cient for a diag no sis of AML-MRC, 
but by the 2022 clas si fi ca tion sys tem cri te ria, the pres ence of 
SRSF2 or other molec u lar or cyto ge netic changes is nec es sary 
for AML-MR. By the European LeukemiaNet 2017 criteria, she 
would fall into favorable-risk disease.27 In youn ger patients, over-
all sur vival (OS) is sim i lar in those who receive an allo genic stem 
cell trans plant in first CR and those who do not. It is unclear if this 
find ing can be extrap o lated to older patients.28 While favor able 
via this method, the median OS in the phase 3 study of CPX-
351 was only 9.7 months.12 As such, our stan dard prac tice is to 
con sol i date remis sions achieved in patients given CPX-351 who 
are trans plant eli gi ble with an allo ge neic stem cell trans plant. In 
the registrational study, the out comes in patients who went to 
trans plant after CPX-351 appear to be improved over those who 
received 7 + 3, although MRD assess ments were not avail  able.14 
An inter est ing subanalysis of these OS data suggested lower 
trans plant-related (nonrelapse) mor tal ity in the CPX-351 arm.29 
Specific to the NPM1 sub set, quan ti ta tive RT-PCR mon i tor ing 
of blood or mar row after induc tion can iden tify patients likely 
to relapse and those with inter me di ate-risk dis ease who would 
ben e fit from trans plant, mon i tor ing of blood once in remis sion 
can iden tify favor able-risk patients likely to relapse, and mon-
i tor ing of blood or bone mar row before and after trans plant 
can help prog nos ti cate risk of relapse.30 In older adults in whom 
improve ments from favor able-risk dis ease appear less,31 stem cell 
trans plant still appears to be advan ta geous.32 This patient was fit 
for inten sive ther apy, but venetoclax and azacitidine would be 
any option for many other 69-year-old patients. We would have 
favored that approach over, say, ivosidenib and azacitidine given 
the higher response rate and faster time to response.

CLINICAL CASE 4
A 77-year-old man presented for eval u a tion of diz zi ness and 
short ness of breath and was found to have a white blood cell 
count of 7480/µL with 17% periph eral blood blasts, hemo glo-
bin of 6.1 g/dL, and plate let count of 70 000/µL. Bone mar row 
exam i na tion revealed 48% blasts and chro mo some anal y sis 
revealed a com plex kar yo type with evi dence of mono somy 5, 
7, and 17. Molecular stud ies revealed muta tion in TP53 at R273 
with a VAF of 80%. His per for mance sta tus prior to this pre sen-
ta tion was excel lent for his age.

AML with com plex kar yo type and TP53 muta tions appears to 
have the worst out comes of the sec ond ary AMLs. We esti mate 
the like li hood of achiev ing remis sion with stan dard 7 + 3 and CPX-
351 to be about 30% in these cases (Table 2). This patient may 
be con sid ered inel i gi ble for stan dard induc tion by age alone, 
but the bio logic fea tures of his dis ease make a stron ger case 
for alter na tive ther a pies. In the phase 3 study of azacitidine and 
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venetoclax, the remis sion rates were mod est (55%), but the OS 
was short (6.5 months).21 There are sev eral novel strat e gies under 
devel op ment spe cifi  cally in the TP53 sub set, includ ing TP53 acti-
vat ing ther apy in the form of eprenetapopt (APR-246). In ear-
ly-phase stud ies, the reported response rates were high33 but, 
in sub se quent ran dom ized stud ies com pared with azacitidine 
alone, failed to reach a pri mary end point of improve ment in CR 
rates (Aprea press release 12/2020). The more recent strat e gies 
involve the use of immune tar get acti va tion. There are sev eral 
emerg ing immu no ther apy strat e gies, includ ing immune check-
point block ade (such as Tim-3), bispecific anti body ther a pies 
(such as flotetuzumab, an inves ti ga tional bispecific anti body-
based mol e cule to CD3ε and CD123), and the most advanced 
can di date: mono clo nal antibodies to CD47 (such as magrolimab). 
The expres sion of CD47 on mye loid cells acts to block immune 
response to malig nant cells directly at the site of phago cy to-
sis. Interestingly, CD47 mes sen ger RNA expres sion varies across 
cytogenic and molec u lar sub groups, with lower expres sion in 
cases with t(8;21), a favor able-risk trans lo ca tion, and higher 
expres sion in cases har bor ing FLT3-ITD muta tions. High CD47 
expres sion has been shown to be an inde pen dent prog nos tic 
fac tor for poor OS in AML patient cohorts.34 The mono clo nal anti-
body magrolimab has been devel oped to block the CD47 sig-
nal ing and in early-phase devel op ment shows prom is ing activ ity 
against TP53 AML, with an over all response rate of 71% (48% CR 
and 19% CR with incom plete count recov ery, 5% mor pho logic 
leu ke mia-free state) in 21 patients.35 The defin i tive ran dom ized 
phase 3 stud ies in AML and MDS are enroll ing. In addi tion, trip let 
ther apy with venetoclax and a hypomethylating agent has been 
reported in abstract form, with a 64% CR rate in TP53-mutant 
dis ease. Fifty-five per cent of these CRs were MRD neg a tive by 
flow cytom e try, suggesting deep remis sions in a sub set of the 
respond ers.36 In this patient, we elected to enroll him on a clin-
i cal trial exam in ing the effi cacy of a CD47 mono clo nal anti body 
with the knowl edge that trans plant in this age group is gen er ally 
not an option.

Conclusions
Secondary AML rep re sents a het er og e nous group of patients 
with fea tures often overlapping de novo cases with sim i lar genet-
ics. Management and risks are often com pa ra ble to de novo dis-
ease with sim i lar genetic fea tures. Secondary AML encompasses 
a wide spec trum of molec u lar fea tures. The his tor i cally poor out-
comes in sec ond ary AML reflect the higher pro por tion of neg-
a tive fea tures like poor risk cyto ge net ics and TP53 muta tion. 
Furthermore, patients are fre quently older with com plex med-
i cal his to ries, lim it ing treat ment options. The com plete pro fil ing 
of his to pa thol ogy and genetic driv ers is crit i cal with the evo lu-
tion of alter na tives to stan dard 7 + 3 ther apy. Patients with more 
favor able under ly ing cyto ge netic and molec u lar fea tures may do 
well with ther apy, espe cially those who are can di dates for allo-
ge neic stem cell trans plan ta tion. Overwhelmingly, patients have 
dis ease with poor-risk fea tures. Only rarely do patients have 
AML-pCT that is truly low risk. Maintenance ther apy or trans plan-
ta tion is appro pri ate in most cases. Venetoclax-based reg i mens 
have expanded treat ment options for frailer, older patients with 
sta ble comorbidities. Emerging treat ments seek to open the 
ther a peu tic win dow by targeting spe cific genetic vulnerabilities 
or alter ing the micro en vi ron ment. Current treat ment deci sions 

require a care ful inte gra tion of clin i cal his tory, genetic fea tures of 
dis ease, and eval u a tion for allo ge neic trans plant.
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Off-label drug use
Midostaurin is approved in combination with standard cytara-
bine and daunorubicin induction and cytarabine consolidation. 
Case discussion gives an example of a patient starting CPX-351 
with addition of midostaurin after FLT3 mutation resulted.
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