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ARTICLE INFO ABSTRACT

Keywords: Therapy-related myeloid neoplasms (t-MN) include both therapy-related myelodysplastic syn-
Leukemia dromes as well as therapy-related acute myeloid leukemia. These two entities were grouped
Myeloid together in the World Health Organization classification of AML due to having similarly poor
Therapy-related outcomes and disease biology. Exposure to prior radiation therapy or chemotherapy for other
Transplantation . . - . . .

Allogeneic malignant or benign conditions, namely autoimmune diseases or solid organ transplants, con-

stitutes the principal risk factor to develop t-MN. Mechanisms for the development of t-MN in-
clude direct genotoxic damage from prior chemotherapy or radiation therapy exposure and the
selection of pre-existing clones with malignant potential that are able to evolve with time and
manifest as new cancers. Patients with t-MN are generally considered high-risk at the time of
diagnosis and are commonly referred for consideration of an allogeneic hematopoietic cell
transplantation, however, this patient population poses unique challenges, and little is known
about the ideal sequence and timing of treatment. In this review, we summarize the data per-
taining to transplant options, focusing on patient and disease characteristics in which trans-
plantation may be most useful and populations where non-transplant options may also be con-
sidered.

1. Introduction

The outcome of patients with therapy-related myeloid neoplasia (t-MN) is poor and allogeneic hematopoietic cell transplantation
(allo-HCT) remains the only treatment modality that has demonstrated curative potential in treating patients with t-MN. However, it
may not be the best approach for all patients, and its use is somewhat controversial. Prospective trials specifically designed to address
the utility of transplant in t-MN are lacking, moreover, patients with t-MN are often enrolled on clinical trials designed for de-novo
disease and are available for subset analysis only. Therefore, we have to rely on retrospective datasets to aid in treatment decisions
[Table 1] [1-8]. Also, these studies have significant limitations; they are not contemporary [1-8], and do not include patients treated
with newly approved targeted agents in AML [9-13], or patients treated with newer induction chemotherapy regimens [14]. Finally,
several improvements in allo-BMT have occurred since then, including the management of graft versus host disease and infectious
complications, which impact outcomes [15].

The WHO definition for t-MN is somewhat broad and encompass a wide range of disorders including therapy-related myelo-
dysplastic syndromes (t-MDS), therapy-related acute myeloid leukemia (t-AML) and therapy-related myelodysplastic/
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myeloproliferative neoplasms (MDS/MPN) overlap syndromes [16,17]. Therapy related myeloid neoplasms constitute 7-20% of
newly diagnosed AML, MDS or overlap syndromes [17-19]. While some patients may have prior exposure to chemotherapy, radiation
therapy, or immune suppressive agents, the time between the exposure and development of t-MN does not quite fit temporally with
known patterns. There are certainly karyotypic associations between exposure to a specific chemotherapeutic agents and cytogenetic
abnormalities, such as that with topoisomerase II inhibitors and abnormalities involving the long arm of chromosome 11 (11q23/
KMT2A/MLL), as well as that with the exposure to alkylating agents, radiation therapy or immune suppressive chromosome 5 or 7
abnormalities [20-23]. Overall, the majority of patients with t-MN have a poor risk karyotypic profile and high risk molecular
features. The most common molecular abnormality in t-MN involves mutations in the tumor suppressor gene, TP53, which carries a
poor prognosis and conveys a high risk in both de novo and therapy-related disease [24,25]. In the next sections, we will focus on the
unique challenges of caring for this patient population, summarizing non-transplant treatment options, and highlighting those who
may derive the most benefit from undergoing an allo-HCT.

2. Mechanisms and unique challenges of transplant in this population

Pound-for-pound, the treatment of t-MN is more complex than that of its de novo counterpart. First, while t-MNs are lumped
together, this group is very heterogeneous and multiple mechanisms have been described could lead to the development of a t-MN
[26]. These include; the direct induction of a fusion oncogene by cytotoxic agents or radiation therapy, induction of genomic in-
stability which will in turn lead to complex abnormalities [24], selection of pre-existing malignant clones [27-29] and possibly a
hereditary pre-disposition to develop more than one malignancy [26,30,31]. The hereditary predisposition may have implications
during donor selection at the time of hematopoietic cell transplantation. In most large transplant centers, a matched sibling donor
remains the preferred donor source. However, over the past several years, hereditary syndromes in myeloid malignancies have
become more recognized and the association of specific gene abnormalities with hereditary syndromes (such as GATA2, RUNX1 or
DDX41) or a strong family history of myeloid malignancies should trigger early referral for genetic counseling and potential germline
mutational testing [32,33]. Matched sibling donors carrying the same genetic abnormality and risk to develop myeloid malignancies
are not suitable as the risk of donor-derived leukemia is too great.

Despite the pathogenic variation leading to t-MN, these patients share high-risk disease features. This was exemplified in an
analysis of 3026 AML patients, 200 of which had t-AML [34]. Patients with t-AML were older vs de novo respectively (57.8 vs 53.2
years; P < .0001), and had lower median white blood counts and platelets. T-AML patients had higher percentage of abnormal
karyotypes (75% vs 51%, P < .0001) most commonly involving chromosomes 5 and 7, t(v; 11)(v; g23), 17p or having complex and
monosomal karyotypes. Although the type of AML had no impact on induction-remission rates, having t-AML adversely impacted
relapse free and overall survival in a multivariable model that accounted for cytogenetic abnormalities [34]. Patients with t-MN have
specific molecular profiles and adverse molecular features when compared to patients with de novo disease. In a study characterizing
somatic mutations in 266 patients with t-MN, mutations in TP53 and KIT were significantly enriched in the t-MN cohort (odds ratio
2.6 and 6.0 respectively) [35]. The use of somatic mutations to define AML ontogeny classified 101 patients with t-AML into 3
molecular groups. The first group (23%) had TP53 mutations, the second (33%) had “secondary type” mutations as SRSF2, SF3B1,
U2AF1, ZRSR2, ASXL1, EZH2, BCOR or STAG2 and a third group (47%) had “de novo” or pan-AML abnormalities [36]. The authors in
this study were not able to define at a molecular level any specific t-AML ontogeny. Clinically, those with “secondary type” mutations
closely resembled patient with secondary AML, those with “de novo/pan-AML” mutations resembled de novo disease and those with
TP53 mutated AML with or without a history of prior therapy were associated with complex, monosomal karyotypes, often involving
chromosome 5 or 7 [36]. While some of the clinical characteristics (age, male: female ratio and number of driver mutations) were
similar in this study between patients with t-AML vs those with SAML/de novo disease with similar genomic profile, t-MN patients are
inherently different.

Patients developing a t-MN are an older population and may have more medical co-morbidities. The prior exposure to che-
motherapy or radiation therapy can have long lasting effects on the hematopoietic system. This, in turn, can weaken the regenerative
ability of hematopoietic tissue, prolonging the duration of cytopenias and bone marrow recovery as a result [37]. Additionally, some
patients have active primary cancer at the time of t-MN diagnosis, which affects outcomes and further complicates treatment de-
cisions for t-MN. Another unique cohort of patients are those with a history of a prior solid organ transplantation or an active
rheumatologic condition requiring ongoing immune suppressive therapy. This can render patients more frail and susceptible to
infection-related complications while undergoing treatment of t-MN. T-MN post solid organ transplantation carries dismal outcomes
[38]. The disease (cytogenetic, molecular) and patient characteristics (age, comorbidities, primary disease amongst others) are some
of the features that complicate treatment decisions and make this population unique.

3. Weighing the risks and benefits of transplant per disease subgroup
3.1. Myelodysplastic syndromes

The first question is whether or not our current scoring systems adequately predict risk associated with treatment-related mye-
lodysplastic syndromes (MDS). The international prognostic scoring system (IPSS) [39] and its revised version (IPSS-R) [40] are
commonly used to risk stratify patients with de novo MDS, however, both scoring systems excluded patients with therapy-related MDS
in their original derivation. A study of a cohort of 1837 patients with t-MDS demonstrated that when the IPSS/IPSS-R scoring systems

are applied to this population, they will underperform in predicting transformation to AML or overall survival and are thus
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suboptimal for this patient cohort. In this population, the revised IPSS risk categories were 8%, 20% and 17% (total 45%) in very low,
low and intermediate risk groups and 23%, 32% (total 55%) in the high or very high-risk groups respectively. It was clear that
although the majority of patients fell in the higher risk groups, 28% of patients fell in the very-low and low risk categories and a large
number of patients had good risk cytogenetics. Recognizing these limitations, the international working group is currently developing
a more specific t-MDS scoring system in order to better predict outcomes and tailor therapy [41]. Of note, the majority (28%) of
patients with t-MDS received prior therapy for non-Hodgkin lymphoma, followed by breast cancer therapy in 16% in this database.

In de novo MDS patients, allogeneic transplantation is recommended for patients with higher risk disease per IPSS (i.e. inter-
mediate II or high risk groups), due to a survival and quality of life advantage as demonstrated in a series of Markov analyses [42].
The outcomes of a large cohort of 660 patients with t-MDS or oligoblastic AML using IPSS-R were compared to de novo MDS; patients
with t-MN had worse outcomes in each of the 5 risk groups, particularly those in very low and low risk categories [43]. Although
upfront allo-HCT is not recommended for patients with low-risk de novo MDS, it should be considered in those with lower-risk t-MDS
as their outcomes with non-transplant therapies are comparable to high-risk disease.

3.2. T-AML: favorable-risk cytogenetics

In t-AML, the cytogenetic subtypes that are considered favorable in de novo disease, including t(15; 17) or core binding factor
leukemia with t(16; 16)/inv16, t(8; 21), can occur [44]. These subtypes may achieve similar remission rates when compared to
patients with de novo AML [45,46] and in turn, some have questioned the benefit of allo-HCT in first remission and elect to treat those
patients similar to their de novo counterparts [47]. Again, it can be challenging to discern whether they are truly t-MNs or a second de
novo disease as the WHO definition of t-MN cannot truly distinguish between the two.

3.2.1. Core binding factor t-AML

AML with inversion 16 has been linked to exposure to topoisomerase II inhibitors [48]. In a study of 48 patients with t-AML with
inv16 cytogenetic abnormality, the median time to development of t-AML was 22 months. The complete remission rates were 85%
with intensive chemotherapy [46]. In another study of 16 patients with inv(16) t-AML, the complete remission rate with intensive
chemotherapy was 86% with a 2-year disease-free survival of 54% [49]. While remission rates are high with induction chemotherapy,
survival rates remain poorer for therapy-related core binding leukemia than its de novo counterpart [50,51]. Similarly, induction
chemotherapy can result in high complete remission rates for t-AML with t(8:21) [52]. The remission rates in a study that included 13
patients with t(8; 21) t-AML were similar to 38 patients with de novo AML with t(8; 21). However, the outcomes of the t-AML cohort
were worse with a median overall survival of 19 months for t-AML versus “not reached” for de novo AML with t(8; 21) (p = .002)
[53].

With overall survival in core binding factor t-AML akin to that of high-risk disease, allo-HCT is warranted in this population,
however, there are conflicting results on the matter. In another study of 139 patients with t(8; 21) AML, 22 patients had therapy-
related AML. Patients receiving intensive induction chemotherapy regimens (72%, n = 16/22) were included in the survival analysis.
The 2 year overall survival was not statistically different between therapy-related vs de novo AML with t(8; 21) (46.8% vs 78.4%,
p = .061) [54]. No difference in outcomes were observed in 9 t-AML with t(8; 21) as compared to 128 patients with de novo disease
[55]. In a multicenter analysis of 26 patients with therapy-related t(8; 21) AML, The majority of patients (76%, n = 16/21) achieved
complete remission with intensive chemotherapy and the 2 year disease free survival was 47% [49].

High quality evidence to have firm recommendations are currently lacking for core binding factor therapy-related AML. However,
based on the sum of available data, we recommend intensive chemotherapy followed by consolidation with high-dose cytarabine for
patients with t-AML and t(8; 21), inv(16), t(16; 16) and in the absence of additional high-risk features, reserve allogeneic transplant
at the time of relapse [47].

3.2.2. t-AML with t(15; 17) or t-APL

Therapy for acute promyelocytic leukemia (APL) has taken a leap forward with the introduction of all-trans-retinoic acid (ATRA)
and arsenic trioxide (ATO). The final analysis of a phase III trial in low- or intermediate-risk APL demonstrated a 100% complete
remission rate for patients on the ATRA/ATO arm. The event-free survival, cumulative incidence of relapse, and overall survival at 50
months for those patients were 97.3%, 1.9%, and 99.2%, respectively. ATRA/ATO has since become the standard of care in this
population [56,57]. Moreover, there are no reports of t-MN in patients treated with this chemotherapy-free regimen. The use of ATRA
and anthracycline-based chemotherapy for APL was associated with a 2.2% incidence of t-MN [58].

In one study of 41 patients with therapy-related APL, the median time to develop t-APL after prior exposure was 29 months. The
complete remission rate in this cohort was 69%, however the use of ATRA was inconsistently reported at the time this study was
conducted [46]. Another retrospective analysis reported on the outcomes of 29 patients with t-APL treated with ATRA/ATO (n = 19)
or ATRA plus anthracycline-based chemotherapy (n = 10). Patients treated with ATRA/ATO had a complete remission rate of 89% as
compared to 70% in the ATRA plus chemotherapy arm [59].

The overall response rates and outcomes are excellent for de novo as well as t-APL and the treatment with ATRA/ATO combination
is thus justified, especially for patients with low-intermediate disease (Fig. 1). Allogeneic transplantation, therefore, is not re-
commended in first remission for patients with t-APL.
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Fig. 1. Guide to t-MN Management and Factors Influencing Transplant Outcomes.

3.3. T-AML with diploid karyotype and favorable molecular features

In de novo AML, patients with normal karyotype constitute about 40-50% of patients and their outcomes are heterogeneous,
largely due to the molecular heterogeneity of the disease. Molecularly favorable patients with NPM1 mutation positive/FLT3-ITD
negative AML are treated with consolidation chemotherapy and transplant is generally considered at disease relapse. Minimal/
measurable residual disease (MRD) testing for the NPM1 mutation has been used to identify patients that may benefit from allo-HCT
in first remission, as MRD positivity predicts for relapse [60]. Consensus guidelines by the European Leukemia Net (ELN) have go so
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far as to recommend MRD testing for patients with NPM1-mutated disease using quantitative RT-PCR [61]. The caveat here is that no
randomized prospective trials have shown benefit of early intervention by proceeding to allogeneic transplant at the time of MRD
positivity as opposed to clinical relapse. Additionally, several challenges remain in standardizing the method of MRD detection,
threshold for positivity, and the ideal time points for testing, in addition to the utility of earlier intervention [62]. t-AML have lower
frequency of NPM1 mutations than de novo AML (p < .0001), however correcting for karyotype (i.e. comparing only those with
diploid karyotype), the difference in occurrence of NPM1 mutations is no longer there between the two etiologies [55]. This makes us
wonder whether patients with cytogenetically normal t-AML with an NPM1 mutation are truly therapy-related, and in turn, should be
treated similarly to de novo AML, deferring transplant in first remission [63].

3.4. Induction regimens

While it is clear that being in remission prior to transplantation is key in optimizing post-transplant outcomes, the best method for
getting to remission remains unclear. Few regimens have been prospectively compared to 7 + 3 in a randomized fashion. Non-
transplant therapies are discussed elsewhere in this issue. One single center, single arm prospective trial investigating the remission
induction rate of using high dose cytarabine at 3 g/m? followed by mitoxantrone at 30 mg/m? given for 2 doses on day 1 and 5 of
induction chemotherapy showed a complete remission (CR) rate of 66% with a 30-day mortality of 9%. In the CR group, 62% of
patients were able to undergo allo-HCT [64]. Thirteen patients underwent an allogeneic HCT in first remission, with the 1-year
overall survival being 72% for those receiving an allo-HCT versus 17% for those who did not receive a transplant. Given the poor
outcomes of patients in the non-transplant settings, we again emphasize consideration of allo-HCT for eligible patients.

A liposomal encapsulation of cytarabine and daunorubicin, also known as CPX-351, has now received regulatory approval for
patients with newly diagnosed t-AML or AML with myelodysplasia-related changes (AML-MRC). This is based on a study that ran-
domly assigned 309 patients to receive CPX-351 or standard induction chemotherapy (7 + 3), of those a total of 63 patients had t-
AML (30 patients received CPX-351 and 33 received 7 + 3). Remission rates of this formulation were higher for CPX-351 when
compared to standard 7 + 3 administration (CR rate 37.3% v 25.6% respectively; two-sided p = .040), additionally overall survival
(0S) was prolonged by about 4 months using CPX-351 (median OS 9.56 vs 5.95 months for CPX-351 versus 7 + 3 respectively;
hazard ratio 0.69; p = .003) [14]. Importantly, the outcomes post-transplant were quite remarkable and significantly better for
patients receiving CPX-351 versus 7 + 3 in an exploratory landmark analysis (HR, 0.46; 95% CI, 0.24 to 0.89; one-sided P = .009)
with a median survival (not reached compared for CPX-351 vs 10.25 for 7 + 3, p = .009) [14].

3.5. Outcomes of allogeneic hematopoietic cell transplantation (Allo-HCT)

As stated above, there are no prospective trials investigating transplant outcomes that enroll only patients with therapy-related
myeloid neoplasms. This makes data-driven recommendations difficult and transplant physicians need to largely look at retrospective
studies to derive outcome expectations to share with patients. Multiple retrospective studies analyzed the outcomes of patients with t-
MN in the post-transplant setting, a selected group of larger studies and their outcomes are summarized in Table 1.

3.5.1. Factors impacting transplant outcomes

The majority of patients with t-MN have poor risk karyotypes and are appropriately referred for allogeneic HCT. Due to the
unique aspects of this patient population, retrospective studies have looked into specific factors that affect transplant outcomes.

The largest cohort of t-MN patients undergoing allo-HCT was reported by the Center for International Blood and Marrow
Transplant Research. A total of 868 patients with t-AML (n = 545) or t-MDS (n = 323) underwent allo-HCT. The majority of patients
(77%) received a myeloablative regimen. The 1-year treatment-related mortality (TRM) and relapse rates were 41% and 27%,
respectively, with a 1-year OS of 37%. However, at 5 years, TRM was 48% and the relapse rate was 31% resulting in an OS of 22%.
This study identified a scoring system that predicts for worse outcomes. The risk factors include: (1) age older than 35 years; (2) poor-
risk cytogenetics; (3) t-AML not in remission or advanced t-MDS; and (4) donor other than an HLA-identical sibling or a partially or
well-matched unrelated donor. The 5-year OS dropped significantly for patients with increasing risk factors from 50% (O risk factors)
to 26% (1 risk factor) to 21% (2 risk factors) to 10% (3 risk factors) to 4% (4 risk factors). Thus, patients with 3 or 4 risk factors are
not ideal candidates for allo-HCT due to their dismal outcomes (Fig. 1) [1].

Another cohort of 461 patients with t-MDS/t-AML reported by the European Group for Blood and Marrow Transplantation
demonstrated a 3-year incidence of NRM of 37% and a relapse rate of 31%. Factors associated with relapse included depth of response
at the time of transplant (i.e. less than 5% blasts) (p = 0.002), abnormal cytogenetics (p = 0.005), age (p = 0.03) and t-MDS
(p = 0.04), while age was the only risk factor associated with higher NRM in a multivariate model. The 3-year overall survival was
35%. Survival was improved for patients with age less than 40 years and those with a normal karyotype [2]. Smaller datasets have
shown similar post-transplant outcomes and have identified additional risk factors. In a study of 65 patients with t-MN, the 2-year
overall survival (OS) was 34%. The 2-year OS in patients with monosomal karyotype (29%) was further reduced to 21%. Importantly,
risk factors predicting for lower OS in a multivariate model were adverse risk cytogenetics (HR 2.7; 95% CI 1.02-7.2; p = .02) and
unrelated donor (HR 2.7; 95% CI 1.5-5.0; p = .0013). Unrelated donor source was the only risk factor associated with an increase in
2-year non-relapse mortality of 60% versus 20% in the matched related cohort (p = .0007) [8]. In summary, patients deriving the
most benefit of transplant are those who are younger, having the disease in complete remission (blasts < 5%) at the time of
transplantation and having a well-matched donor (whether sibling or unrelated).
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3.5.2. Effects of conditioning regimen on transplant outcomes

In a study of 257 patients with t-MDS/t-AML receiving a wide array of conditioning regimens, the 5-year relapse-free survival
(RFS) was 43% (highest) and non-relapse mortality (NRM) was 28% (lowest) in patients conditioned with targeted busulfan/cy-
clophosphamide. Compared to patients with de novo disease (n = 339), transplant outcomes for t-MDS/t-AML were comparable
without any significant differences using a multivariate model. The probability of relapse correlated with the disease stage (RA/RARS
versus RAEB versus t-AML) and karyotype. Relapse rates were lower for patients receiving an unrelated donor transplant [3].
However, taking other study findings into account, no specific conditioning regimen was shown to be superior for patients with t-MN.
Myeloablative conditioning (MAC) was shown to be superior to reduced intensity conditioning (RIC) in de novo MDS/AML in a
randomized phase III clinical trial, relapse rates for MAC vs RIC were 13.5% vs 48.3%; respectively; p < .001, mandating early
termination of the study. At 18 months, OS for patients in the RIC arm was 67.7% versus 77.5% for those in the MAC arm (difference,
9.8%; P = .07). Therefore, as data is lacking for t-MN, it may be reasonable to consider MAC in t-MN for patients who can tolerate it
[65].

3.5.3. Should we transplant patients with adverse cytogenetics?

To further investigate the effects of cytogenetics on the outcomes of patients with t-MN vs de novo disease, a retrospective single-
institution analysis of 556 patients (476 with de novo, 80 with t-MDS/t-AML) was completed. After patients were classified into 3 risk
groups based on cytogenetics, risk group was found to be the predictor of overall survival. Importantly, this study demonstrated
similar outcomes in patients with t-MN versus de novo disease after accounting for cytogenetics, whereby patients with a higher
cytogenetic risk classification had a higher rate of relapse and decreased survival [66]. For patients with complex and higher risk
cytogenetics, transplant remains the only potential curative option and should be highly considered.

3.5.4. Are there any long-term survivors with transplant?

In a German-Austrian cohort of over 2800 patients with AML, 200 of which had t-AML, allo-HCT in first remission was performed
in 487 of 2064 (24%) patients < 60 years, and in 30 of 789 (4%) patients > 60 years of age [34]. The 4-year OS in patients with t-
AML receiving allogeneic HCT in first remission was 42.6%. The relapse rates after allo-HCT were similar in younger patients with t-
AML, however, there was a higher cumulative incidence of death (35.8%, standard error 8.3%) as compared to that of de novo AML
(17.2%, standard error 20%) p = .006. Conversely, in patients over the age of 60 years, there was increased incidence of relapse and
not death in patients with t-AML as compared to de novo disease [34].

The longest duration of follow up outcomes for patients with t-MN in the post-transplant setting was reported in a study of 79
patients. The 10 year overall survival in this cohort of 79 patients was 24% with a stable rate of relapse of 42% between the 5-10 year
mark [5,67]. These studies highlight the importance and efficacy of allogeneic HCT in patients with t-MN. The outcomes of t-AML are
often inferior to de novo AML after transplantation (allo-HCT: de novo > therapy-related), however, it is also true that outcomes for t-
AML are better with transplantation than non-transplant therapies (t-AML: allo-HCT > non-HCT therapies).

3.5.4.1. Should we transplant patients with TP53 mutated disease?. The most common molecular abnormality in t-MN is by far is TP53 -
occurring in up to a third of patients — and when detected is associated with poor outcomes and shorter overall survival [68,69]. The
role of high-dose chemotherapy and allo-HCT in patients with t-MN that harbor TP53 mutations is an area of controversy and
discussed here in more detail.

A study of 87 patients with MDS investigated 40 recurring somatic mutations in the pre-transplant setting. The most commonly
detected mutations were in ASXL1 (29%), TP53 (21%), DNMT3A (18%), and RUNX1 (16%). After adjustment for clinical variables
associated with survival, mutations in TP53, TET2 and DNMT3A were associated with a shorter OS. Forty six percent of patient
carried one of these mutations, and their presence resulted in shorted 3-year OS from 59% for patients without these mutations to
19% [70]. Thus patients with TP53 mutations pose significant challenge for the optimal treatment and timing of allo-HCT. Another
study investigating mutational profiles of 1514 patients with MDS using the CIBMTR database noted the presence of TP53 mutations
in 19% of patients. In multivariate analysis, TP53 was independently associated with shorter OS (hazard ratio for death vs. no TP53
mutation, 1.71; 95% CI, 1.45 to 2.02; P < 0.001) and shorter time to relapse (HR for relapse vs. no TP53, 2.03; 95% CI, 1.60 to 2.58;
P < 0.001). The intensity of the conditioning regiment did not affect the outcomes or overcome the effect to TP53 mutational status
[71].

While the prior two studies investigated the effect of mutational status in the transplant setting, they were not specific for patients
with t-MN. A single institutional report of a total of 266 patients; 67 with t-MDS and 199 patients with de novo MDS undergoing an
allo-HCT showed the 5-year OS was not significantly different between the two cohorts (49.9% for t-MDS versus 53.9% for de novo
MDS; p = 0.61). TP53 mutations were detected in 30% of patients with t-MDS, and while the number of patients in this study was
small, TP53 mutational status did not affect OS or RFS [72,73]. Although, outcomes are worse with TP53-mutated MDS/AML as those
compared to those with wild-type TP53, there are long-term disease-free survivors. Therefore, it is recommended to offer patients an
allo-HCT for t-MN patients with TP53 mutations.

4. Summary
Therapy-related myeloid neoplasms are diverse set of disorders grouped together by a common causative factor. Allogeneic
hematopoietic cell transplantation remains the only potentially curative option for patients with t-MN. Patient characteristics such as

older age and comorbidities, as well as certain disease characteristics such as complex karyotype and lack of remission are associated
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with poor post-transplant outcomes and negatively impacts the success of such an approach. Weighing the likelihood of success of
allo-HCT against the toxicity is important to when discussing treatment options with our patients. For patients with a favorable AML
karyotype, offering standard induction chemotherapy regimens similar to de novo AML may be appropriate while reserving transplant
until the time of disease relapse. While t-MNs are more likely to harbor high-risk cytogenetic and molecular abnormalities, retro-
spective data suggest that allo-HCT should still be recommended despite the poor prognosis, and after accounting for these adverse
markers, long-term disease-free survival may be on par with de novo disease.
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Practice points

e Older age, comorbidities, poor risk cytogenetic and molecular aberrations are important factors that impact consideration
for allogeneic HCT and affect patient outcomes.

e Patients with core binding factor t-AML or t(15; 17) may be treated similarly to their de novo counterpart.

e Patients with poor risk cytogenetics or molecular features should be offered allogeneic hematopoietic transplantation (allo-
HCT) in first remission, if eligible.

e t-MDS and t-MDS/MPN treatment remains challenging with low response rates to HMA and would favor enrollment on
clinical trials, offering allo-HCT for those with higher molecular features or “higher-risk” disease per scoring systems.
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