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TO TRANSPLANT OR NOT TO TRANSPLANT IN ACTIVE OR HIGH-RISK MYELOID DISEASE

     Transplant for TP53 - mutated MDS and AML: 
because we can or because we should ?  
     Jurjen   Versluis  1,2  and  R. Coleman   Lindsley  2
1 Erasmus University Medical Center Cancer Institute, Rotterdam, the Netherlands; and  2 Dana - Farber Cancer Institute, Harvard Medical School, 
Bos ton, MA 

TP53  muta tions impair the cel lu lar response to genotoxic stress and drive intrin sic resis tance to con ven tional cyto toxic 
ther a pies. Clinical out comes in patients with  TP53  - mutated mye loid malig nan cies are poor and marked by high - risk 
 clin i cal fea tures, such as com plex kar yo type and prior expo sure to leu ke mo genic ther a pies, and short sur vival due to a 
high risk of relapse after allo ge neic trans plan ta tion.  TP53  muta tions are thus included as adverse mark ers in clin i cal prog-
nos tic mod els, includ ing Euro pean LeukemiaNet rec om men da tions and the Molecular International Prognostic Scoring 
System for myelodysplastic syn dromes (MDS). Recent data indi cate that the  TP53  alle lic state, co - occur ring somatic 
muta tions, and the posi tion of the  TP53  muta tion within the clonal hier ar chy defi ne genetic het ero ge ne ity among 
TP53  - mutated MDS and acute mye loid leu ke mia that may infl u ence clin i cal out comes, thereby informing the selec tion 
of patients most suit able for trans plan ta tion. Further, novel ther a peu tic meth ods such as anti body - based agents (mono-
clo nals or dual - affi n ity retargeting antibodies), cel lu lar ther a pies (nat u ral killer cells, chi me ric anti gen recep tor T cells), 
or targeted agents (eprenetapopt) may offer oppor tu ni ties to mod ify the approach to pretransplant con di tion ing or 
posttransplant main te nance and improve clin i cal out comes.  

   LEARNING OBJEC TIVES   
    •  Understand the pretransplant fac tors that may drive poor out comes in  TP53  - mutated MDS / AML 
   •  Identify emerg ing oppor tu ni ties to mod ify peritransplant man age ment to improve out comes in patients with 

TP53  - mutated MDS / AML  

  CLINICAL CASE   
  A 60 - year - old man with pan cy to pe nia was referred to 
our clinic. He had a past med i cal his tory of cor o nary 
artery dis ease, for which he was tak ing an antiplatelet 
drug. He reported fatigue and easy bruis ing. The ini tial 
blood work and bone mar row exam i na tion are shown 
in  Table 1 . Our patient was diag nosed with acute mye-
loid leu ke mia (AML) with a sin gle  TP53  muta tion and a 
 monosomal kar yo type.  

 Introduction 
 Myeloid malig nan cies with  TP53  alter ations form a dis tinct 
group defi ned by lim ited response to stan dard ther a pies 
and poor over all clin i cal out comes. In AML,  TP53  muta tions 
are linked to pri mary refrac to ri ness to inten sive induc tion, 1,2

a low like li hood of mea sur able resid ual dis ease (MRD) neg-
a tiv ity in cytomorphologic remis sion, 3  increased relapse 

after com plete remis sion (CR), and shorter over all sur vival 
(OS). 4 - 6  In myelodysplastic syn dromes (MDS),  TP53  muta-
tions are asso ci ated with shorter leu ke mia - free and OS, 7,8

even after treat ment with DNA methyltransferase inhib i-
tors. 9  The clin i cal effects of  TP53  muta tions are caused by 
an impair ment in nor mal cel lu lar stress and DNA dam age 
response path ways, which results in selec tive sur vival of 
TP53  - mutated cells after genotoxic insults. 

 Allogeneic hema to poi etic cell trans plan ta tion (HCT) is 
the only poten tially cura tive treat ment for many patients 
with high - risk mye loid malig nan cies. However, ret ro spec-
tive ana ly ses have dem on strated a wide var i abil ity of trans-
plant effi  cacy based on molec u lar genetic alter ations, 
includ ing dis mal sur vival out comes among patients with 
TP53  - mutated MDS and AML. 3,10 - 12  The impact of  TP53  muta-
tions on trans plant out comes is driven by an excep tion ally 
high risk of early relapse, suggesting that  TP53  muta-
tions drive rapid dis ease pro gres sion that outpaces func-
tional engraft ment and the devel op ment of an effec tive 
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graft-ver sus-leu ke mia (GVL) effect or cause cell intrin sic or extrin-
sic effects that sub vert GVL activ ity.

The avail  able data raise a crit i cal ques tion: Is con ven tional 
allo ge neic HCT an appro pri ate treat ment for patients with 
TP53-mutated mye loid malig nan cies given the low prob a bil ity 
of a long-term cure and the sub stan tial risk of trans plant-related 
mor bid ity and mor tal ity? Or per haps this ques tion is, on its face, 
overly reduc tive in its nihil ism. Should all  TP53 leu ke mias in all  
patients really be treated the same, when 10% to 20% of patients 
with TP53-mutated mye loid malig nan cies see long-term sur vival 
after allo ge neic HCT? An enhanced under stand ing of patient- or 
dis ease-related het ero ge ne ity could pro vide a point of lever-
age for selecting suit able patients based on pretransplant var i-
ables or insights into the devel op ment of tai lored peritransplant 
approaches aimed at miti gat ing relapse risk (Figure 1).

Potential pretransplant mod i fi ers of clin i cal out comes
Genetic het ero ge ne ity among TP53-mutated mye loid malig-
nan cies can be broadly defined based on the TP53 alle lic state, 
co-occur ring somatic muta tions, and posi tion within the clonal 
hier ar chy. Monoallelic TP53 muta tions tar get a sin gle allele while 
retaining the wild-type allele, whereas multiallelic alter ations 
occur when the sec ond TP53 allele is inactivated by another 
point muta tion, by dele tion, or by the copy-neu tral loss of het-
ero zy gos ity. The adverse clin i cal impact of TP53 muta tions in 
MDS has been reported to be driven by the sub set cases with 
multiallelic TP53 alter ations, in which multiallelic TP53 muta tions 
are asso ci ated with a com plex kar yo type, ele vated bone mar-
row blasts, a higher risk of leu ke mic trans for ma tion, and poor 
OS com pared with monoallelic TP53 muta tions, whose clin i-

co path o logic char ac ter is tics are sim i lar to MDS with out TP53 
 muta tions.13

The dif fer en tial effect of monoallelic and multiallelic TP53 
muta tions on clin i cal pre sen ta tion and out come may be related 
to a dose-depen dent effect of TP53 inac ti va tion on genome 
insta bil ity. Compared with the monoallelic state, multiallelic 
TP53 is asso ci ated with more chro mo somal aber ra tions and a 
higher pro por tion of com plex kar yo types. The inabil ity to main-
tain genome integ rity with com plete dis rup tion of TP53 may 
cor re late with more clin i cally sig nifi  cant resis tance to geno-
toxic ther apy. In addi tion, the dis tri bu tion of somatic comutated 
genes is dif fer ent in monoallelic vs multiallelic dis ease. Whereas 
the multiallelic state has few con cur rent gene muta tions, as seen 
in our case, MDS and AML with monoallelic TP53 muta tions are 
more likely to have con cur rent muta tions in MDS-asso ci ated 
genes encoding RNA-splic ing fac tors (SF3B1, SRSF2), epi ge netic 
fac tors (TET2, ASXL1), mye loid tran scrip tion fac tors (RUNX1), and 
mye lo pro lif er a tive neo plasm phe no typic driv ers (JAK2).

Together, these data indi cate that TP53 muta tions can arise 
in at least 2 dis tinct posi tions in the mye loid clonal hier ar chy. 
When occur ring in a founding clone, a TP53 muta tion can ini ti-
ate clonal advan tage, and pro gres sion is medi ated by subclonal 
inac ti va tion of the sec ond TP53 allele. In con trast, TP53 muta-
tions can also arise as pro gres sion subclones in the con text of an 
established clonal mye loid dis ease, often in the con text of extrin-
sic selec tion by cyto toxic ther apy.2,10,14,15 In this set ting only the 
lower abun dance TP53-mutated subclone possesses the bio log-
i cal char ac ter is tics of TP53 inac ti va tion.

Variant allele frac tion (VAF) has been used as a proxy for the 
defin i tive assess ment of the alle lic state and clonal hier ar chy. As 
gen er al iza tions, a high VAF TP53 muta tion implies high clonal 
abun dance and/or multiallelic alter ation. In con trast, a lower VAF 
sug gests low-abun dance clone/subclone and/or the absence of 
multiallelic alter ation. That said, with out knowl edge of sam ple 
purity (over all clone size or rel a tive subclone abun dance) and 
ploidy (TP53 copy num ber), the inter pre ta tion of VAF relies on 
infer ences based on a cohort-level cor re la tion with out comes. 
In the research set ting, sin gle-cell DNA sequenc ing has been 
reported to iden tify low-abun dance clones with biallelic TP53 
alter ations well before detec tion by bulk sequenc ing meth ods.16

Table 1. Case: clin i co path o logic char ac ter is tics

Lab Unit Range Bone mar row

Hemoglobin 8.1  g/dL (14.0-17.5) Morphology Normal cel lu lar mar row with 20.3% 
blasts and with dys plas tic  
eryth ro poi e sis (megaloblastosis, 
abnor mal i ties of the nucleus) and 
absent mega kar yo cytes

MCV 96 fL (80-100)

Platelets 8 × 109/L (150-350)

WBC count 1.06 × 109/L (3.5-10.0)

Neutrophils 0.08 × 109/L Flow cytometry Immature mye loid pop u la tion with 
a phe no type con sis tent with AML 
(20%)Lymphocytes 0.85 × 109/L

Eosinophils 0.02 × 109/L NGS TP53 muta tion, VAF 69%

Monocytes 0.08 × 109/L Karyotype Monosomal kar yo type 
47 ~ 50,Y,add(X)(p),add(3)(q),del(5)
(q),+6,+8,del(11)(q),-13,-16,add(17)
(p11)[19]/46,XY[1]

Blasts 0.03 × 109/L

LDH 340 U/L (<248)

LDH, lac tase dehy dro ge nase; MCV, mean cor pus cu lar vol ume; NGS, next gen er a tion sequenc ing; WBC, white blood count.

Disease subtype Response

• TP53 allelic state

• Co-occurring mutations

• Immunophenotype

• Depth of remission

• Molecular MRD status

• Extent of prior therapy

Treatment

Figure 1. Pretransplant factors that could influence patient  
selection or outcome.
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TP53 muta tions are them selves het ero ge neous, includ ing hot 
spot and non–hot spot mis sense muta tions, which account for 
two-thirds of TP53 muta tions, as well as trun cat ing (non sense, 
frame shift indels, splice site) muta tions. The TP53 muta tion sub-
type has not been defin i tively linked to spe cific clin i cal out-
comes, and TP53 mis sense muta tions have been shown to affect 
p53 path way func tion in diverse ways (ie, dom i nant neg a tive, 
loss of func tion, gain of de novo func tion, etc). TP53-related clin i-
cal and molec u lar fac tors and rel a tive asso ci a tions with out come 
are sum ma rized in Table 2.

CLINICAL CASE (Con tin ued)
The patient received inten sive induc tion treat ment consisting 
of cytarabine and dau no ru bi cin (“7 + 3”), which did not result in 
CR after the first cycle, but he obtained an MRD-neg a tive CR 
after the sec ond cycle.

In adults under age 65, the clear ance of MRD has been asso-
ci ated with improved out come after HCT with reduced-inten-
sity con di tion ing (RIC).17 This result has raised the ques tion of 
whether the achieve ment of deep MRD-neg a tive remis sion in 
patients with TP53-mutated MDS or AML may pre dict improved 
out comes after HCT.18 In patients with MDS or oligoblastic AML 
who received treat ment with DNA methyltransferase inhib i-
tors, the TP53 clear ance of TP53 muta tions to a VAF lower than 
0.05 was asso ci ated with improved out come, par tic u larly in 
those who under went sub se quent allo ge neic HCT.19 In a cohort 
of older patients with AML who were transplanted in first CR, 
the molec u lar clear ance of TP53 muta tions in remis sion (VAF 
<0.001) was not asso ci ated with improved leu ke mia-free sur-
vival.3 This ques tion mer its con tin ued eval u a tion with MRD 

neg a tiv ity defined using even more sen si tive tech nol o gies, in 
patients whose remis sions were achieved with new or dif fer ent 
induc tion reg i mens, or in dif fer ent patient pop u la tions (age, 
dis ease sub type, risk groups).

CLINICAL CASE (Con tin ued)
The patient received an allo ge neic HCT after myeloablative 
con di tion ing (ie, fludarabine, busul fan at 12.8  mg/kg over 
4 days) from a matched unre lated donor. No signs of graft- 
ver sus-host dis ease (GVHD) were observed dur ing post-HCT 
fol low-up.

Potential trans plant-related mod i fi ers  
of clin i cal out comes
Early dis ease recur rence is the pri mary cause of death after 
allo ge neic HCT in patients with TP53 muta tions. Relapse after 
trans plan ta tion may result from the rapid reemergence of che-
moresistant dis ease before immune recon sti tu tion and the 
devel op ment of effec tive alloimmune activ ity. Alternatively, 
TP53 alter ations in the resid ual leu ke mia cells them selves 
may directly sup press innate immune sig nal ing or mod ify the 
expres sion of key check point mol e cules, thereby pro mot ing 
immune eva sion, par tic u larly in the con text of early immu no-
sup pres sion.20,21 In addi tion to opti miz ing the depth and qual ity 
of remis sions in TP53-mutated mye loid malig nan cies through 
the devel op ment of novel induc tion reg i mens, the mod i fi ca-
tion of trans plant-related fac tors could fur ther mit i gate the risk 
of relapse. Such strat e gies might involve the trans plant pro-
ce dure itself (ie, con di tion ing, donor selec tion) or changes to 
posttransplant care, such as the spe cific enhance ment of GVL 

Table 2. Heterogeneity of TP53-mutated mye loid malig nan cies and asso ci a tion with rel a tive clin i cal out comes

Variable Relatively favor able out come Poor out come Comments/cave ats

Mutation type Missense Truncating only Underpowered; did not account 
for all  trans plant-rel e vant 
covariates

VAF Low High VAF is impre cise → reflects  
com pos ite of ploidy and 
purity/clone size; dif fi cult to  
define a gen er al ized cut point

Allelic state Single Multi Only shown in nontransplant MDS; 
not tested in HCT con text

Karyotype Noncomplex Complex

Response to treat ment MRD-neg a tive CR MRD-pos i tive, active dis ease Conflicting data

Clinical ontog eny - - No appar ent impact of  
sec ond ary vs ther apy-related vs 
de novo dis ease

Germline pre dis po si tion - - Certain germline leu ke mia pre-
dis po si tions are asso ci ated with 
devel op ment of somatic TP53 
muta tions (Shwachman-Diamond 
syn drome, telo mere biol ogy  
dis or ders, etc).
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activ ity or the addi tion of anti leu ke mic main te nance ther apy 
(Figure 2).

Conditioning inten sity and donor choice
High-risk MDS or AML might ben e fit from inten si fied con di tion-
ing reg i mens prior to allo ge neic HCT to erad i cate resid ual dis-
ease. Two pro spec tive ran dom ized phase 3 tri als com par ing RIC 
with myeloablative con di tion ing (MAC) in patients with MDS and 
AML yielded contradicting results.22,23 In patients with MDS, the 
Euro pean Society for Blood and Marrow Transplantation (EBMT) 
RICMAC trial reported sim i lar out comes, includ ing relapse, non-
relapse mor tal ity (NRM), and OS for RIC vs MAC. The BMT CTN 
0901 trial, which included patients with MDS and AML, reported 
a lower inci dence of NRM in patients receiv ing RIC, which was 
counterbalanced by a higher inci dence of relapse com pared 
with MAC, resulting in improved relapse-free sur vival after 
MAC.22 In that trial, ultradeep sequenc ing of 13 genes, includ-
ing TP53, showed that patients with geno mic evi dence of dis-
ease at trans plant were asso ci ated with bet ter sur vival after MAC 
com pared with RIC.17 Although the pro por tion of TP53-mutated 
patients with out relapse was higher in recip i ents of MAC, a for-
mal com par i son of MAC vs RIC was not performed.17 While these 
pro spec tive tri als did not spe cifi  cally address TP53 muta tions, 
the ben e fi cial effect of MAC vs RIC has not been shown in a large 
Center for Blood and Marrow Transplantation Research cohort of 
289 patients with TP53-mutated MDS (median OS, 7.5 months vs 
9.2 months, respec tively; P  =  .19).10 Similarly, a ret ro spec tive EBMT  
anal y sis reported no sig nifi  cant dif fer ence between RIC vs MAC 
in 179 patients with TP53-mutated AML.24 Although defin i tive 
data are lacking, increas ing the inten sity of con di tion ing, which 
we did in our case, appears to be inad e quate to over come the 
early relapse of TP53 muta tions in MDS and AML.

Optimizing the anti leu ke mic cyto toxic effects of con di tion ing 
has been explored by adding venetoclax to a fludarabine- and 
busul fan-based RIC reg i men (FluBu2) in patients with high-risk 
MDS or AML.25 Increasing doses of venetoclax were added to the 
FluBu2 reg i men, which appeared fea si ble and safe in this phase 
1 trial. Importantly, 12 of the 22 included patients had TP53- 
mutated mye loid dis ease. With a rel a tively short fol low-up of 
14 months, encour ag ing responses were observed, with 50% of 
patients still alive and in remis sion. Six patients with TP53 muta-
tions were alive at the study eval u a tion, 3 of whom were in an 
MRD-neg a tive remis sion post HCT.25 These data indi cate that 
adding spe cific drugs to stan dard com bi na tions of con di tion-
ing reg i mens are fea si ble and may be asso ci ated with prom is ing 

out comes. This and other novel approaches alter ing con di tion-
ing reg i mens need to be con sid ered for future clin i cal research 
in these high-risk patients.

The opti mal donor in patients with TP53-mutated MDS or AML 
has not been established. One could argue favor ing a donor with 
greater human leu ko cyte anti gen dis par ity (eg, mismatched 
unre lated donors, cord blood grafts, haploidentical donors) 
over human leu ko cyte anti gen–matched donors, allowing for 
poten tially strong GVL effects. To our knowl edge, no stud ies are 
avail  able com par ing dif fer ent donor types in patients with TP53 
muta tions. Retrospective reg is try data have not iden ti fied an 
inde pen dent effect of donor type on the cumu la tive inci dence 
of relapse or OS in patients with TP53 muta tions or chro mo some 
17p abnor mal i ties.24,26,27 Urgent allo ge neic HCT in remis sion is 
gen er ally pre ferred in patients with a high risk of relapse, which 
should be con sid ered together with the pos si bil ity of addi tional 
posttransplant cell ther a pies (eg, donor lym pho cyte infu sions 
[DLIs]) when selecting a donor for HCT. Such deci sion-mak ing 
needs to be indi vid u al ized, tak ing into account the risk of relapse 
vs the risk of HCT-related mor tal ity.

Posttransplantation inter ven tions
Post-HCT inter ven tions to exploit and pre serve the graft-ver sus-
tumor of alloreactive T cells and nat u ral killer cells might reduce 
relapse and improve out comes of TP53-mutated MDS or AML. 
Hypomethylating agents have been asso ci ated with enhanced 
graft-ver sus-tumor effects by stim u lat ing T-cell responses to over-
expressed tumor-asso ci ated anti gens.28 Although main te nance 
with azacitidine post HCT was not asso ci ated with improved 
out comes in a ran dom ized phase 3 study,29 pre emp tive treat-
ment with azacitidine resulted in reduced or delayed relapse in 
the RELAZA tri als.30,31 These stud ies, how ever, did not spe cifi  cally 
address resid ual or emerg ing TP53 muta tions to assess the ben e-
fi cial effect of azacitidine in patients with TP53 muta tions.

A post-HCT com bi na tion of hypomethylating treat ments 
and the novel agent eprenetapopt have shown very prom is ing 
results. Eprenetapopt (APR-246) is a small mol e cule that restores 
wild-type p53 in TP53-mutant cells, induc ing apo pto sis of those 
cells. Synergistic cyto toxic effects of eprenetapopt and azaciti-
dine have been shown in phase 2 tri als includ ing patients with 
MDS and AML, with encour ag ing response rates and molec u lar 
remis sions.32,33 Important data of post-HCT main te nance treat-
ment with eprenetapopt and azacitidine for patients with TP53 
muta tions have emerged from a recent phase 2 trial.34 The study 
enrolled 33 patients who were sched uled for 12 cycles of epren-
etapopt and azacitidine post HCT. Treatment was com pleted in 
39% of patients, and the median num ber of cycles given was 7 
(range, 1-12). The com bi na tion appeared to be safe and well tol-
er ated with out a sig nal of increased GVHD. Encouraging sur vival 
was reported, with a 1-year OS of 79% after a median fol low-up 
of 17 months.34 Prospective ran dom ized stud ies are needed to 
define the effi cacy and opti mal dura tion of this com bi na tion in 
the posttransplant set ting.

Allogeneic immu no ther apy might be fur ther improved by the 
early taper ing of immu no sup pres sive drugs and/or pro phy lac-
tic or pre emp tive DLIs. Enhancing a GVL effect by DLI has been 
asso ci ated with reduced dis ease relapse and improved over-
all out come in high-risk mye loid malig nan cies,35,36 but gran u lar 
data on dis ease char ac ter is tics includ ing TP53 muta tions are 
not avail  able. Post-HCT stud ies com bin ing hypomethylating 

Conditioning Post-HCT phase
Allogeneic
HCT

•Modify intensity

•Novel drug

combinations

•Donor selection:

HLA disparity

vs. early

availability

•Maintenance treatment

•Early tapering of

immunosuppression

•Prophylactic or preemptive DLI

Figure 2. Opportunities for improving transplant outcomes in 
patients with TP53-mutated MDS or AML.
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agents or his tone deacetylase inhib i tors with DLI were fea si ble 
and asso ci ated with low relapse rates,37,38 but stud ies addressing 
patients with TP53 muta tions are needed.

Alternative approaches to improve post-HCT out comes 
might be directed at the micro en vi ron ment of patients with 
TP53-mutated MDS or AML. Recent data indi cate that the micro-
en vi ron ment of TP53-mutated dis ease con fers an immune- 
priv i leged, eva sive phe no type.39 Programmed cell death 1 ligand 
1 expres sion, among oth ers, was sig nifi  cantly increased in hema-
to poi etic stem cells, indi cat ing that restor ing that immune-  
priv i leged micro en vi ron ment by programmed cell death 1 pro-
tein block ade might poten ti ate graft-ver sus-tumor effects. The 
usage of programmed cell death 1 pro tein block ade needs to be 
care fully stud ied in the post-HCT set ting because of poten ti at ing 
severe GVHD.

CLINICAL CASE (Con tin ued)
At 7 months after allo ge neic HCT, the patient relapsed with 
17% blasts and recur ring TP53 muta tion (VAF, 17%) by bone 
mar row eval u a tion. The patient was sched uled by the treating 
phy si cian for reinduction ther apy with azacitidine and veneto-
clax followed by DLI to induce a GVL effect. Unfortunately, his 
AML was not respon sive to the reinduction treat ment, and he 
passed away after 2 cycles of azacitidine and venetoclax due to 
bilat eral pneu mo nia.

Further direc tions
Allogeneic HCT pro vi des long-term sur vival in a sub set of 
patients with TP53-mutated mye loid malig nan cies, but the over-
all out come remains poor, with OS vary ing between 10% and 
20%. Promising pre-HCT com bi na tion treat ments in patients 
with AML are cur rently being stud ied, includ ing azacitidine with 
magrolimab, a mono clo nal anti body against the “don’t eat me 
sig nal” of leu ke mic cells, in phase 3 tri als. Non-HCT cel lu lar ther a-
pies are cur rently emerg ing, includ ing bispecific antibodies and 
chi me ric anti gen recep tor (CAR) T-cell ther apy. Flotetuzumab, 
a CD123 × CD3 dual-affin ity retargeting anti body, was asso ci-
ated with com plete responses in 7 of 15 patients with relapsed/ 
refrac tory AML, resulting in a median sur vival of 10.3 months.20 
Similarly, CAR T cells targeting leu ke mic cells (eg, CD123, CD33) 
have shown their effi cacy, but off-tar get effects are lim it ing 
broader appli ca tion. Recent pre clin i cal data with a CD70-tar-
geted CAR T com bined with azacitidine, which increased 
expres sion of CD70 anti gens on leu ke mic blasts, were asso ci-
ated with potent in vivo anti leu ke mic activ ity.40

So do we pre scribe allo ge neic HCT for patients with TP53 
muta tions because we can or because we should? Although allo-
ge neic HCT is the only treat ment pro vid ing a long-term cure, 
research efforts should focus on the opti mal deliv ery of an allo-
graft in the patient, pref er a bly in a deep MRD-neg a tive remis-
sion, while apply ing opti mal con di tion ing and/or posttransplant 
inter ven tions.

For those patients with a very high risk of relapse (eg, pri mary 
refrac tory dis ease, MRD-pos i tive state) and a high risk of NRM, 
the early use of alter na tive targeted ther a pies that har ness the 
innate immune sys tem against leu ke mia needs fur ther inves ti ga-

tion. Such treat ments may pro vide hope for this patient group 
with dis mal out comes.

Conflict-of-inter est dis clo sure
Jurjen Versluis: no com pet ing finan cial inter ests to declare.
R. Coleman Lindsley: con sul tancy: blue bird bio, Nuprobe,  
Qiagen, Takeda Pharmaceuticals, Thermo Fisher.

Off-label drug use
Jurjen Versluis: nothing to disclose.
R. Coleman Lindsley: nothing to disclose.

Correspondence
R. Coleman Lindsley,  Dana-Farber Cancer Institute, 450 Brook-
line Ave, Bos ton, MA 02215;  e-mail: coleman_lindsley@dfci 
 .harvard  .edu.

References
1. Haydu JE, Flamand Y, Vedula RS, et al. Pretreatment clin i cal and genetic 

fac tors pre dict early post-treat ment mor tal ity in fit AML patients fol low ing 
induc tion. Am J Hematol. 2021;96(7):E259-E262.

2. Lindsley RC, Mar BG, Mazzola E, et al. Acute mye loid leu ke mia ontog eny is 
defined by dis tinct somatic muta tions. Blood. 2015;125(9):1367-1376.

3. Murdock HM, Kim HT, Denlinger N, et al. Impact of diag nos tic genet ics on 
remis sion MRD and trans plan ta tion out comes in older patients with AML. 
Blood. 2022;139(24):3546-3557.

4. Papaemmanuil E, Gerstung M, Bullinger L, et al. Genomic clas si fi ca tion and 
prog no sis in acute mye loid leu ke mia. N Engl J Med. 2016;374(23):2209-
2221.

5. Rücker FG, Schlenk RF, Bullinger L, et al. TP53 alter ations in acute mye-
loid leu ke mia with com plex kar yo type cor re late with spe cific copy num ber  
alter ations, monosomal kar yo type, and dis mal out come. Blood. 2012;119(9): 
2114-2121.

6. Grob T, Al Hinai ASA, Sanders MA, et  al. Molecular char ac ter iza tion of 
mutant TP53 acute mye loid leu ke mia and high-risk myelodysplastic syn-
drome. Blood. 2022;139(15):2347-2354.

7. Bejar R, Stevenson K, Abdel-Wahab O, et al. Clinical effect of point muta-
tions in myelodysplastic syn dromes. N Engl J Med. 2011;364(26):2496-2506.

8. Greenberg PL, Tuechler H, Schanz J, et al. Revised inter na tional prog nos tic 
scor ing sys tem for myelodysplastic syn dromes. Blood. 2012;120(12):2454-
2465.

9. Bejar R, Lord A, Stevenson K, et al. TET2 muta tions pre dict response to 
hypomethylating agents in myelodysplastic syn drome patients. Blood. 
2014;124(17):2705-2712.

10. Lindsley RC, Saber W, Mar BG, et al. Prognostic muta tions in myelodysplas-
tic syn drome after stem-cell trans plan ta tion. N Engl J Med. 2017;376(6):536-
547.

11. Yoshizato T, Nannya Y, Atsuta Y, et al. Genetic abnor mal i ties in myelodys-
plasia and sec ond ary acute mye loid leu ke mia: impact on out come of stem 
cell trans plan ta tion. Blood. 2017;129(17):2347-2358.

12. Middeke JM, Herold S, Rücker-Braun E, et al; Study Alliance Leukaemia. 
TP53 muta tion in patients with high-risk acute mye loid leu kae mia treated 
with allo ge neic haematopoietic stem cell trans plan ta tion. Br J Haematol. 
2016;172(6):914-922.

13. Bernard E, Nannya Y, Hasserjian RP, et al. Implications of TP53 alle lic state 
for genome sta bil ity, clin i cal pre sen ta tion and out comes in myelodysplas-
tic syn dromes. Nat Med. 2020;26(10):1549-1556.

14. Sperling AS, Guerra VA, Kennedy JA, et  al. Lenalidomide pro motes the 
devel op ment of TP53-mutated ther apy-related mye loid neo plasms [pub-
lished online ahead of print 5 May 2022]. Blood.

15. Alwash Y, Khoury JD, Tashakori M, et al. Development of TP53 muta tions 
over the course of ther apy for acute mye loid leu ke mia. Am J Hematol. 
2021;96(11):1420-1428.

16. Kennedy AL, Myers KC, Bowman J, et al. Distinct genetic path ways define 
pre-malig nant ver sus com pen sa tory clonal hema to poi e sis in Shwachman- 
Diamond syn drome. Nat Commun. 2021;12(1):1334.

17. Hourigan CS, Dillon LW, Gui G, et al. Impact of con di tion ing inten sity of 
allo ge neic trans plan ta tion for acute mye loid leu ke mia with geno mic evi-
dence of resid ual dis ease. J Clin Oncol. 2020;38(12):1273-1283.

mailto:coleman_lindsley@dfci.harvard.edu
mailto:coleman_lindsley@dfci.harvard.edu


Allogeneic trans plant for TP53-mutated MDS/AML | 527

18. Hunter AM, Komrokji RS, Yun S, et al. Baseline and serial molec u lar pro fil ing 
pre dicts out comes with hypomethylating agents in myelodysplastic syn-
dromes. Blood Adv. 2021;5(4):1017-1028.

19. Sallman DA, Komrokji R, Vaupel C, et al. Impact of TP53 muta tion var i ant 
allele fre quency on phe no type and out comes in myelodysplastic syn-
dromes. Leukemia. 2016;30(3):666-673.

20. Vadakekolathu J, Lai C, Reeder S, et al. TP53 abnor mal i ties cor re late with 
immune infil tra tion and asso ci ate with response to flotetuzumab immu no-
ther apy in AML. Blood Adv. 2020;4(20):5011-5024.

21. Ghosh M, Saha S, Bettke J, et al. Mutant p53 suppresses innate immune 
sig nal ing to pro mote tumor i gen e sis. Cancer Cell. 2021;39(4):494-508.
e5508e5.

22. Scott BL, Pasquini MC, Logan BR, et  al. Myeloablative ver sus reduced-
inten sity hema to poi etic cell trans plan ta tion for acute mye loid leu ke mia 
and myelodysplastic syn dromes. J Clin Oncol. 2017;35(11):1154-1161.

23. Kröger N, Iacobelli S, Franke GN, et  al. Dose-reduced ver sus stan-
dard con di tion ing followed by allo ge neic stem-cell trans plan ta tion for 
patients with myelodysplastic syn drome: a pro spec tive ran dom ized 
phase III study of the EBMT (RICMAC trial). J Clin Oncol. 2017;35(19):2157-
2164.

24. Loke J, Labopin M, Craddock C, et  al. Additional cyto ge netic fea tures 
deter mine out come in patients allografted for TP53 mutant acute mye loid 
leu ke mia. Cancer. 2022;128(15):2922-2931.

25. Garcia JS, Kim HT, Murdock HM, et  al. Adding venetoclax to 
fludarabine/busul fan RIC trans plant for high-risk MDS and AML is fea si ble, 
safe, and active. Blood Adv. 2021;5(24):5536-5545.

26. Poiré X, Labopin M, Maertens J, et al. Allogeneic stem cell trans plan ta tion 
in adult patients with acute mye loid leu kae mia and 17p abnor mal i ties in 
first com plete remis sion: a study from the Acute Leukemia Working Party 
(ALWP) of the Euro pean Society for Blood and Marrow Transplantation 
(EBMT). J Hematol Oncol. 2017;10(1):20.

27. Middeke JM, Fang M, Cornelissen JJ, et al. Outcome of patients with abn-
l(17p) acute mye loid leu ke mia after allo ge neic hema to poi etic stem cell 
trans plan ta tion. Blood. 2014;123(19):2960-2967.

28. Sánchez-Abarca LI, Gutierrez-Cosio S, Santamaría C, et al. Immunomodu-
latory effect of 5-azacytidine (5-azaC): poten tial role in the trans plan ta tion 
set ting. Blood. 2010;115(1):107-121.

29. Oran B, de Lima M, Garcia-Manero G, et al. A phase 3 ran dom ized study of 
5-azacitidine main te nance vs obser va tion after trans plant in high-risk AML 
and MDS patients. Blood Adv. 2020;4(21):5580-5588.

30. Platzbecker U, Wermke M, Radke J, et al. Azacitidine for treat ment of immi-
nent relapse in MDS or AML patients after allo ge neic HSCT: results of the 
RELAZA trial. Leukemia. 2012;26(3):381-389.

31. Platzbecker U, Middeke JM, Sockel K, et al. Measurable resid ual dis ease-
guided treat ment with azacitidine to pre vent haematological relapse 
in patients with myelodysplastic syn drome and acute mye loid leu kae-
mia (RELAZA2): an open-label, multicentre, phase 2 trial. Lancet Oncol. 
2018;19(12):1668-1679.

32. Sallman DA, DeZern AE, Garcia-Manero G, et al. Eprenetapopt (APR-246) 
and azacitidine in TP53-mutant myelodysplastic syn dromes. J Clin Oncol. 
2021;39(14):1584-1594.

33. Cluzeau T, Sebert M, Rahmé R, et  al. Eprenetapopt plus azacitidine in 
-mutated myelodysplastic syn dromes and acute mye loid leu ke mia: a 
phase II study by the Groupe Francophone des Myélodysplasies (GFM).  
J Clin Oncol. 2021;39(14):1575–1583.

34. Mishra A, Tamari R, DeZern AE, et al. Eprenetapopt plus azacitidine after 
allo ge neic hema to poi etic stem-cell trans plan ta tion for -mutant acute mye-
loid leu ke mia and myelodysplastic syn dromes [published online ahead of 
print 11 July 2022]. J Clin Oncol. 2022;JCO2200181.

35. Schmid C, Labopin M, Schaap N, et al. Long-term results and GvHD after 
pro phy lac tic and pre emp tive donor lym pho cyte infu sion after allo ge neic 
stem cell trans plan ta tion for acute leu ke mia. Bone Marrow Transplant. 
2022;57(2):215-223.

36. Gao XN, Lin J, Wang SH, et al. Donor lym pho cyte infu sion for pre ven tion of 
relapse after unma nip u lated haploidentical PBSCT for very high-risk hema-
to logic malig nan cies. Ann Hematol. 2019;98(1):185-193.

37. Kalin B, van Norden Y, van Gelder M, et al. Panobinostat and decitabine 
prior to donor lym pho cyte infu sion in allo ge neic stem cell trans plan ta tion. 
Blood Adv. 2020;4(18):4430-4437.

38. Guillaume T, Malard F, Magro L, et al. Prospective phase II study of pro phy-
lac tic low-dose azacitidine and donor lym pho cyte infu sions fol low ing allo-
ge neic hema to poi etic stem cell trans plan ta tion for high-risk acute mye loid 
leu ke mia and myelodysplastic syn drome. Bone Marrow Transplant. 2019; 
54(11):1815-1826.

39. Sallman DA, McLemore AF, Aldrich AL, et al. TP53 muta tions in myelodys-
plastic syn dromes and sec ond ary AML con fer an immu no sup pres sive phe-
no type. Blood. 2020;136(24):2812-2823.

40. Leick MB, Silva H, Scarfò I, et  al. Non-cleav able hinge enhances avid ity 
and expan sion of CAR-T cells for acute mye loid leu ke mia. Cancer Cell. 
2022;40(5):494-508.e5508e5.

© 2022 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2022000354


